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PREFACE. 



The amazing and exhaustless resources of Steam Power, 
exemplified in the progress of national and international 
communication among all the enlightened countries of the 
world in the present day, naturally lead us to inquire into its 
origin and its history. People do not like to sit down in 
supine ignorance of the nature and operations of an agent 
which bids fair in a few years completely to change the 
aspect of the globe. They desire to know, after a time, 
what were the causes which led to the improvements in the 
arts, the sciences, and the system of locomotion which sig- 
nalise the present century. They will accordingly delight to 
read of the early efforts of man in endeavouring to subject 
the powers of steam to his controul ; to observe the nascent 
germ of an invention which has multiplied his resources 
beyond all conception ; and to trace it in its progress from 
the first rude apparatus of the early experimenter, to the 
beautifully-finished engine of the accomplished inventor and 
self-taught mechanician. 

This little volume is intended to supply the want of a 
cheap and popular History of the Steam-engine, and to give 
such details regarding its origin and progress as might in- 
terest every reader, without taking up too much of his time 
and attention with minute and wearisome technicalities. The 
discussion of subjects connected with steam power and its 
applications cannot but be interesting to the inhabitants of 
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this country, ||^ttre the real steam-engine was first invented 
and perfected. For to the ingenuity, skill, and perseverance 
of British artizans, and to the liberal and enterprising spirit 
of British merchants, is the world at large indebted for the. 
vast advantages derived from our present systems of steam 
navigation and steam locomotion. Still much remains to be 
done in order to remove the apprehension as well as the 
reality of the dangers which hover around these applications 
of the power of steam ; and it is highly probable that, looking 
back upon its past history and services from the pinnacle of 
eminence which it has now reached, something may be gained 
in the shape of more steady and sure precautions in its use, 
and more determined control over its operations. 

The lamentable disasters which continue to befall our 
steam vessels, and the equally alarming accidents which 
frequently occur on railways, plainly indicate that our cap- 
tains and engineers are still ignorant of the true theory and 
much of the practice of the steam-engine. This theory is 
not yet regularly taught in our schools and institutions ; and 
the men to whom we trust our lives and property are still 
left to pick up their information and their practice in any 
manner they best can ; and it is never ascertained by a strict 
and regular examination, whether they possess such a know- 
ledge of the subject as fits them for taking the management 
of a steam vessel or of a railway carriage. The usual mode 
in which engineers at present acquire their practical know- 
ledge, is by the Rule of Thumb ; that is, they are taught to 
follow implicitly the practice of the workshop or manu* 
factory in which they have been trained, whether that praco^ 
tice may be right or wrong, or whether it may suit, or not, 
the circumstances of any case in which they may afterwards 
be placed ; so that, with few exceptions, they continue to 
act wholly ignorant of the philosophical principles on which 
the steam-engine is constructed and applied. 

It has been justly said by an officer of the Royal Navy, 
that ** whatever of dash, whatever of enterprise, whatever of 



PREFACE. V 

combined prudence and skill is to be perforniid in a future 
war, will be performed through the agency of steam. The 
high road to distinction and fame will be found on the 
paddle-box of a steamer ; but to gain this fame, to achieve 
this distinction, it is indispensable that officers should add to 
a thorough knowledge of seamanship and gunnery, a know- 
ledge of the steam-engine, an acquaintance with the power 
which is to be their right arm and strong staff." Unques- 
tionably, steam vessels will be employed by every belligerent 
nation in Europe, should the balance of power be once 
broken, or should the aggressions of one power against 
another ever excite a partial or a general war, the greatest 
of human cs^lamities. But, as far as human agency is con- 
cerned, it is manifest that the fate of war, happen when it 
may, will then be decided by the question as to which nation 
possesses the greatest steam fleet, and the best managed 
steam vessels. The empire of the sea no longer resides in 
wooden walls, but in the power of steam ! 

Independently, therefore, of its vast utility to the indus- 
trious and manufacturing population of this country, it is 
evident that the safety of the trading and travelling portion 
of the community, and the success of British enterprise, 
whether in the time of peace or in the time of war, demand 
that immediate instructions be given to our captains and 
engineers in the proper application and management of the 
power of steam ; and that a series of examinations be in- 
stituted from time to time as to their progress in this species 
of knowledge. An institution for this purpose should be at 
once established by Act of Parliament, and at the expense 
of the nation. Government would then find that its power 
and its safety rested on the knowledge of the people ; and 
were it once known that all captains and engineers must be 
subjected to an examination, and that those who pass this 
ordeal satisfactorily will have the preference in all cases of 
trust and emergency, a great and a silent change for the 
better would speedily be effected in t\i^ \fta:v\aj^^\s\Kc^. ^ 
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steam vessels and railway carriages, as well as in the prac- 
tical construction of steam-engines. With such an institu- 
tion properly managed, and such examinations well con- 
ducted, there would be no want of efficient officers to com- 
mand and to conduct steam vessels of all kinds, or to 
organise and direct a steam fleet, should such a thing ever 
be required for national defence. 

In composing this work, the author has had recourse to 
the most authentic sources of information. He has fre- 
quently cited the very words of the early historians of the 
steam-engine, as well as those of the original inventors, who 
have changed its form or added to its power. The works of 
Dr. Robison, Professor Millington, Mr. J. Scott Russell, and 
the original specifications and notes of James Watt himself, 
hav,e either been consulted or employed in those chapters 
where the information they gontain was of the gjeatest im- 
portance. Various other sources have been consulted, to 
which reference is made in the places where they are cited. 
For the original observations, which he hopes may be found 
of some advantage to the reader, the author must be con- 
sidered responsible. 
. Dalston, January, 1852. R. W.' 
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STEAM, AJKD ITS EFFECTS, AS KNOWN TO THE ANCIENTS, 

BEFOBE THE CHBISTIAN ERA. 

All bodies in nature are presented to us in one or other of three 
different forms or states— 'tIz., the solid, the liquid, and the gaseous. 
Most bodies can be made, by changes in temperature, to assume 
these different forms. The simplest and best known example is that 
of water. At the ordinary temperature of our climate, this is a per- 
fect liquid ; at a considerably lower temperature, it becomes solid, 
and is then called ice; at a yer^ high temperature, it becomes gaseous, 
and is then called steam. A hquid, under the influence of heat, gene- 
rates an aeriform fluid; this fluid, when free to expand in a given 
space, is called a vapour; but, when it completely Alls that space, and 
prevents the farther vaporization of the liquid, it is called a gas or an 
elastic fluid. Although simple variations of temperature and volume 
will cause a gas to pass into the state of vapour, and conversely, yet 
the physical properties of the fluid, in these two states, are essentiedly 
different. Thus, by heating a given volume of air, or any other 
vapour, from 32^ to 212^ Fahrenheit, its elastic force is increased, on 
an average, only in the ratio of 1 to li, or of 8 to 11, nearly ; whereas, 
the elastic force of the vapour of water, while in contact with the 
generating liquid, between the same limits, is increased in the ratio 
of about 1 to 150. It is this enormous development of force, pro- 
duced by the application of heat, which accomplishes in modem 
times, the amazing mechanical effects of steam, when employed as a 
tnoting power. 

The ancients had no such clear notions of the nature of steam as 
those which have just been stated ; ^though^ in the writings of Plato, 
we find speculations concerning the nature and properties of the four 
elements, as they were called, fire, water, air, and earth, which show 
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that they were partially acquainted with the subject. It is true that 
only about a century and a half have elapsed, since steam began to be 
usefully employed as a moving power ; and yet, the knowledge of its 
expansive force can be traced to a remote antiquity. This discoyery 
must, indeed, have forced itself on the notice of those who first made 
use of a pot, with a lid to it, in culinary operations. It is, therefore, 
simply ridiculous to refer the discovery of the properties of steam, or 
the invention of the Steam-engine, to the Marquis of Worcester, who 
flourished in 1663, because he observed the lid of his tea-kettle thrown 
off by the force of the steam. For aught we know to the contrary, 
Adam and Eve may have witnessed such a phenomenon as this, in their 
post-paradisaical state. 

Hero of Alexandria, who flourished about 120 B.C., in a Treatiae on 
Pneumatics, written in Greek, records the principal facts that were 
then known regarding the vapour of water, and gives an account of 
several machines in which the force of steam is employed to produce 
motion. One of these, the 45th in the book, consists of a pot with a 
lid, into which is fastened an upright tube, terminating in a perforated 
hemispherical cup, in which is placed a moveable ball. Water having 
been put into the pot, and the whole apparatus placed over a fire, as 
soon as the vapour or steam issues with sufficient force through the 
tube, it causes the ball to dance above the cup, with a rapidity Tarjr- 
ing according to the force of the steam. Fig. 1 , is a representation of 
this apparatus, which is called in Greek lebea, that is, pot or ketth; 
it is taken from Commandine*8 edition of the work of Hero, pub- 
lished at Urbino in 1675, and has evidently been copied from the 
oldest MSS. 
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In tliis Bame treatise of HerOt there is a drawing and description of 
another Steam-machine, more ingenious than the preceding, and 
forming one of the various forms of an ancient apparatus caUed the 
€Bolipile, which is still used by lecturers on Natural Philosophy, to 
illustrate the nature and properties of steam. This machine, whidi 
is represented in Fig. 2, consists of a pot or vessel of water ab, placed 
over a fire as before, and covered with a lid on, into which, at one 
Bide, is fixed the one end o, of a tube epo, bent at right angles, and 
having its other end o, fitted into a hollow sphere, in the direction of 
its axis. At the other extremity of thiis axis, there is placed a pivot 
which is fixed on a rod lm, fastened to the lid, at the other side. 
From Uie sphere, two tubes h, and k, proceed in the direction of a 
diameter at right angles to the axis, and bent at right angles to Uiis 
diameter, in opposite directions. When the vessel is l^ated, the 
steam wUl pass through the upright tube into the sphere^ imd thenoe 
issuing Uirough the tubes bent at right angles, will cause the sphere 
to revolve with a velocity proportioned to Sie force of the steam. The 
representation of this apparatus is copied fraoL an old edition of Hero's 
work, and, from its shape, it is evidently of great antiquity. 



Fig. 2. 




hero's BEACfTION MACHINE (JBolfyile), 

With respect to this machine, it may be observed, that if the steam 
were made to issue from straight tubes placed in the direction of the 
radii of the sphore, no motion would be produced ; but, when these 
tubes are bent at right angles, the steam cannot issue from them 
without creating a certain reaction in a direction opposite to^ that 
from which the steam proceeds. This reaction produces a motion of 
rotation whose velocity increases in proportion to the intensity of the 
steam which issues from the tubes. The greatest effect is, of course, 
produced, when the orifices of the bent tubes are in opposite direc- 

B 2 



12 HISTOKY OF 

tions, and perpendicular to the same diameter. The issue of a liquid, 
under a sufficient pressure, will exhibit a similar phenomenon ; and 
this is, in fact, the principle of the Hydraulic machine called Barker' 9 
miil. A similar result would arise from the issue of any gts ; and two 
of the machines described in Hero's treatise, the 60th and 90th in 
the book, which are put in motion by heated air, are constructed on 
the same principle. 

Whether the tsolipile in the preceding forms, or in any other which 
it assumed in after times, was employed by the ancients for any prac- 
tically useful purpose, camiot now be determined ; but it is plain, that 
by attaching mechanism to the axis of the reyolying sphere, some 
application might have been made of this machine. The principle 
has been repeatedly reyiyed and employed by modem inyentors, in 
what are called rotaiy engmet qf iimple emitiion. It is eyen seen in 
the construction of rockets and fire- wheels ; and in all cases, where 
fire, water, steam, or gas are generated in a close yessel, and then 
permitted to issue with yiolence ; it driyes the yessel £rom which it 
issues, in the opposite direction. The same principle is manifest in 
the recoil of a gun when fired, and in the simple emission of a fluid 
from a reseryoir. Hence, if an apparatus be so arranged that water, 
steam, air, or gas be made to rush out of a close chamber through the 
arms of a reyolying wheel, the apertures through which it esoapee 
being properly directed, the recoil wiU cause the wheel to reyolye, 
and the machine will constitute a rotary engine of simple emission. 
If, instead of employing the principle of recoil, the force of steam 
issuing from a fixed yessel, as seen in the case of the spout of a oommoii 
tea-kettle, be directed on the yanes of a wheel so as to driye it round, 
this wUl form another species of rotary steam-engine with simple 
emission. The theory of such machines, in a yariety of different 
forms, has been carefully inyestigated, and it has been found that in 
the most fayourable circumstances, not more than half the power of 
the steam of the best rotary engines, can be made ayailable for any 
useful mechanical effect. The celebrated Smeaton and others haye 
subjected their operation to careful experiment, and the results 
obtained by the experimenters, are stated to be 3 parts out of 11 ; 8 
out of 27 ; or 2 out of 5, as the greatest useful effect that could be 
attained in actual practice. 

As patents haye sometimes been taken out for air-engines in thiff 
countxy, it may be worth while to make a few remarks on one of those 
described by Hero, in his work aboye-mentioned. The apparatus 
may be called a religious pantomime, got up for the amusement and 
deception of the common people. A fire was kindled upon an altar 
to the gods, and animated figures were made to lead a choral dance in 
the interior of the altar, which was rendered yisible by some trans- 
parent substance. Through the hearth, a tube was extended to the 
base of the altar, where it revolved on an iron pin, the other end 
being passed through a tubular fitting attached to the hearth. The 
tube had other cross tubes attached to it, and communicating with 
it, so as to radiate opposite to one another, and to have ttieix ends 
turned in opposite directions. A drum was also attached to the tube, 
upon which the dancing figures were placed. The air, being 1 j^ed 
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by the action of the fire, proceeded into the upright tube, and, being 
forced out through the radiating bent tubes, occasioned the former, 
with its drum to revolye, and produce the desired effect. Such an 
air-engine was only a philosophical toy, and never could produce any 
useful mechanical efiect, owmg to the want of force in the moving 
power. The same may be said of all air-engines, whatever may be 
the nature of their construction. They seem to act perfectly well 
in models made on a small scale and of light materials ; but whenever 
they are tried on a large scale, and of a construction intended for prac- 
ticed purposes, they invariably fail, for want of actual power in the 
agent. Seeing, indeed, that common air, and all gases, expand only 
in the ratio of 8 to 11, when heated from the freezing to the boiling 
point, how is it possible that any air-engine can be effective when 
tried on a scale of sufficient magnitude to be a prime mover of 
machinery ? 

Another machine described by Hero, deserves to be mentioned here, 
not on account of the use to which it waa put, which was only to aid 
superstition, but on accoimt of its similarity in some respects to more 
modem inventions. This apparatus, which may be denominated ^e 
Steam-oracle, consisted of an altar with its fire lighted, and two 
figures of priests assisting in the sacrifices, with the figure of a dragon, 
(an appropriate symbol !) pretending to sibyllate, or foretel future 
events. On a hollow base was placed the altar, having a tube 
descending from it below the middle of the base, and there separating 
into three branches ; one of these passed upwards in the interior of 
the dragon to its mouth ; the other two passed upwards respectively 
in the interior of the other figures to the close covers of two vessels 
within them, containing wine, and in which they were fitted so as to 
be air-tight. In these wine vessels, were placed two syphons simi- 
larly fitted, having their shorter ends in the wine, and their longer 
ends in Hie hands of the figures which officiate at the sacrifices. A 
few drops of watef being introduced into the tubes, the heat of the 
fire caused their vapour or steam to ascend in two of its branches to 
the wine- vessels, \niere, pressing on the wine, it was made to pass 
through the syphons and flow from the hands of the priestly figures, 
who t^us appeared to sacrifice as long as the fire burned on the altar ; 
the same heat caused the steam likewise to ascend in the third branch 
to the mouth of the dragon, and produce sounds which were ascribed 
to supernatural interference, and deemed oracular by the spectators. 
In this apparatus, we perceive the germ of the principle of raising of 
water by the pressure of steam, employed by Savery ; and an antici« 
pation of the method of producing sound by the steam-whistle 
used in locomotives on railways. There is, indeed, reason to suppose 
that to the knowledge of the elements of machinery, the ancients 
added some acquaintance with the power of steam. Fausanias com- 
pared the sounds emitted by the statue of Memnon to those produced 
by the snapping of harp-strings. Strabo states that he heard the 
same sounds ; and Philostratus affirms that when the sun shone with 
full force on the statue, sounds issued from its mouth similar to those 
of a stringed instrument. 

Viiruviuff the celebrated Roman architect, who floutiahft^ \sw *"&»^ 
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reign of Augastus Csesar, b.c. 27, speaks in his work, DeArchUeefMrMf 
of machines dialled aoUpiles, in terms which show that he was 
acquainted with their principle of operation. He appears, howerer, 
to have been unacquainted with the difference between air and »tmnm i 
as he thought that water was converted into air by means oifirt* In 
attempting to explain the nature of winds, he assigns their origin to 
causes of the same kind as that which expels the air firom an 
tBolipile. Perraultf the translator of YitruYius, fell into the SMne 
error about seventeen centuries afterwards. In the Italian translatioti 
of his "^ork, by Ccsiar desarino, published at Como, in 1521, tha 
(BoHpiles are represented by figures in the form of pots, kettiles» and 
camdrons, of yarious shapes, more or less elegant. Fig. 8, 1b an ing^- 
nious form of the (solipilet equipped with the modem improrement 
of the safety-valve. It consists of a small copper vessel of a globular 
form, m, having a tube, /, proceeding from the upper part of thd 
vessel, and terminating in a very small orifice, o, under it, is a 
spirit-lamp fot boiling the water which the vessel contains. As soon 
as a sufficient (j[uantity of steam is thus generated, it begins to issue 
firom the orifice o, with the rushing noise and velocity of the wind. 
The vessel is supported by a frame, p p^ which is mounted on wheels, 
rrr; so that when the steam issues from the orifice, the reaction 
occasioned by the resistance of the atmosphere, causes the whole 
machine to run in a direction opposite to that in which the steam 
proceeds £rom the vessel, as indicated by the point of the arrow. 
This apparatus is therefore a veritable steam-carriage in miniature. 
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The Spring safety-valvcj which is employed to prevent accident", 
^^ represented at n, with its adjusting screw at 8, In this form thi* 
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machine may be used as a blow-pipe or a pair of bellows. The name 
aoUpile, which signifies ceolus* ball, was not used by Hero, whose 
treatise contains the earliest account of this machine which has come 
down to us ; but it is often used by subsequent writers, who appear 
to have had very erroneous ideas of the nature of its operation. 

After the age of Hero of Alexandria, more than sixteen centuries 
intervene, which, with two or three trifling exceptions, appear to be 
wholly destitute of any historical traces, or authentic documents, 
relating to the nature of steam, or to its use as a moving power. 
After the reference already made to the work of Vitruvius, we only 
find the following notices which have reached us. Seneca, in the 
second centurv, attributed earthquakes to the violent operation of 
steam imder tne action of subterranean heat. Anthemiut of iValles, 
in the sixth century, according to the testimony of Agathias, a By- 
zantine historian, employed steam to shake the roof of a neighbour's 
house, whom he wished to terrify. It was only with the revival of 
literature, that the arts and sciences arose from their dreary sleep 
during the middle ages ; and with them, the renewed investigation 
of the nature and properties of steam, and the consideration of its 
possible application to usefid mechanical piuri)oses« 
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STEAM AND ITS APPLICATIONS, PBOM THE REVIVAL OF 
LITEBATUKE TO THE END OF THE SEVENTEENTH CEN- 
TURT. 

As nothing contributed more to the reviyal of learning than the noble 
inyention of the art of printing, so nothing was of greater adyantage 
to its progress than the study of the works of the ancients, whioh 
were the first specimens of its production. Among these were 
editions and translations of the works of Hero, Archimedes, and other 
Greek writers on mechanics and natural philosophy ; and in less than 
a century there were published eight or nine editions of the Pneumaiia 
of Hero. It has lately been discoyered that Leonardo da Vincif the 
celebrated Italian painter, to whom the arts and sciences owed so 
much at this period, a.d. 1500, left some impublished manuscripts^ 
which haye been preserved in the library of the Institute of France. 
These haye been carefully examined by MM. Yenturi, Libri, and 
others ; and in particular by M. Del^luze, who has found in one marked 
B, the description and sketch of a iteam'ffun, denominated the arehiton" 
nerre. Fig. 4 is an exact copy of this machine, taken from page 33 of 
the manuscript, and the following is a translation of its description :•— 
" The architonnerre is a machine made of fine brass, which throws 
iron balls with great noise and much force. One-third of this 
instrument consists of a great quantity of fire and coal. When the 
water is properly heated, the screw on the yessel where the water is 
must be turned; and at the moment when the upper screw is turned, 
aU the water will escape below, will descend into the heated part of 
the instrument, and will be immediately conyerted into steam so 
abimdant and powerful, that the effects of its force and its noise wiU 
strike one with amazement. This machine will propel a baU 
weighing rather more than a talent.'' 

This sketch shows the architonnerre mounted on wheels, haying a 
box marked earboni, for coals; and a yessel, marked acq., for water. 
Under the sketch are the words : — " Come si porta in campo r archie 
toniiro" that is, "How the architonnerre is taken to the camp." 
The words marked on and under the figure are written, as in the 
original, from right to left, with the letters reversed ; but they may 
be easily read by turning over the page, and holding it between the 
reader and the light. M. Del^cluze says that Leonardo da Vinci 
ascribes the inyention of this machine to Archimedes, The use of 
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the fford talml would aeem to confirm 
hia »t&t«ment, this being the name of a 
Greek weight, varying in different states 
of Greece, from 60 lbs. to ISO lbs. in 
value ; eBpecisllfOsLeannrdomhia other 
writiDgH uses the weights imd measures 
of Ital;. Among the works of Archi- 
medes which have nut TOached our time, 
there la known to have been one on Firea. 
It is possible that the Italian philoiopher 
maf have obtained a knowledge of this 
work through the medium of some 
Arabic translation, in which he found 
the description of the areiitaimtTre. It 
will renutn a question for some oriental 
tj antiquarian to solve whether or not the 
= tltam-ir«n some years ago invented by 
Mr. Perkins, wai not the veritable inven- 
tion of Archini*de8, thus brought to light . 
by the writings of Leonm-do da Vind. 
May there not be sons conuection be- 
tween the name of the engine and that of 
*. itsinventor> In that case it will signify 
S Archimedet' -ihtmder, 
•^ Plausible reasons, inaeed, might be 
S assigned for supposing that the Oteeks 
,:, had a knowledge of a machine analogous 
^ to the tttam-gmt. There appear* to be 
S sDiue connection between the idea of the 
g simple apparatus of Hero, represented in 
. Fig. l,and that of the architoimerre. If 
g in the former, instead of allowing the 
o steam to play like water upon the ball, it 
V were allowed to accumulate till its pres- 
u sureeKceededthatofthestmosphere, and 
S were then suddenly allowed to escape, 
the ball wotdd instantly become a pro- 
jectile rushing with proportionate vio- 
lence through the ur, and the machine 
itself a real steam-gun of the simplest 
construction. Moreorer, it is welt known 
that Cleiebiui, tlio master of Hfro in the 
Alexandrian school, had proposed to em- 
ploy the elasticity of compressed air in a 
catapult of a peculiar construction i a 
fact fully conflrmcd by the description of 
the instrument itself (which was called 
the itrolime, or air-driven), given by 
Fiilo, of Byzantium. It was therefore 
as natural for the ancients to found the 
invention of the ileam-gun on their know- 
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ledge of the exponeiTe power of Bteam, as to found that of ihe air-^iin 
on the luiown fact of the etaBticiij' of the atmosphere. Noi is it 
improbable that the formci was one of the iiiTeationB with which 
ArohlmedcB wu enabled to defend his native city, Syracuse, from the 
rudo attacki of the enemy, and to resist for a peiiod of three whc^ 
yeajB the united force of the legiona of Rome, and all Uie military 
■kill of Iheii famoua general, Marcellua. 

The lixteenth century witnessed several attempts at the introduc. 
tlon of steam as a moTing power. Blaii:ii de Garay, a. Spanish aea- 
eaptaln, is reported to have exhibited to the Emperor and £in< 
Charles V., in 1613, on engine by which ships could be propelled 
without the use of oars and sails. The experiment was made at 
Barcelona, on the I7th of June of that year, on a vessel of 20S tons, 
called the Trinity, Peter de Scnria commander. The inventor never 
showed the construction of his engine to the public j bu', it was 
obterred, at the period of the experiment, to consist of a laiga vessel 
of boiling water, and moveable wheels on each side of the ship. The 
speed attained was onlv three miles an hour. The account of this 
experiment waa not publlahed till 1826, long after steam navigatioa 
had been accomplished; of course it coold have been of no avail to 
■absequent inventors, and has no claim to priority, earlier than the 
date of its publication. 
*«■_»■ One Malhenui, the author 

of a volume of aermonB 
entitled Sarepla, and pub- 
lished in 1663, indicates, 
in an obscure manner, the 
method of applying the 
force of steam to the 
raising of water from the 
mines of Joachimstha], in 
Bohemia ; and Philiierl 
Delonat, in 1 667, proposed 
I f to employ the avlipilt for 
jjjl the purpose of increasing 
the draught of chimneys. 
This was an anticipation of a discovery of the 
greatest importance in the application of the 
high-preSBure engine to locomotion On railways- 
Had not the waste steam been employed to 
increase the draught of the chimneys of snch 
engines, railway travelling would bsye been yet 
in its infancy. 

The seventeenth century commenced with 
clearer views of the nature of steam, and its 
utility in raising water to great heights. J, 
Baptuta Porto, in a treatise on Pneutaatiea, pub- 
lished at Naples in 1601, gives the following 
account of an experiment with an apparatus, 
representEd in Fip;. fl, which exhibits a method 
o£ raising water from a ■teactvow, b.iv4 R\ao of 
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approximating to the solution of the question of the quantity of 
steam generated by a given quantity of water: — "Make," says 
he, ** a box of glass or tin, a, having at the bottom an aperture, 
through which is inserted b, the neck of a distilling-flask, d, con- 
taining one or two ounces of water ; and let Its neck be 
cemented into the bottom of the box, so that there be no escape. 
Near the bottom of the box let there rise up a pipe, c, at such a 
distance from the bottom as to permit the water to escape ; let this 
pipe pass through the cover, and rise a little way above its surface. 
The box is to be filled with water by an aperture, at A, which is to be 
well closed, so that no air may pass. Then place the flask, d, on 
the fire, e, and heating it slowly, the water it contains will be 
gradually dissolved into air [vapour], and press upon the water in 
the box ; the force of this [steam] will next cause the water to issue 
through the pipe, c ; and it the application of heat be continued, the 
whole of the water in the flask will be at last exhausted ; and while 
this water is vaporising, the air [steam] will constantly press on the 
water in the box, forcing it to issue through the pipe m a continual 
stream. The exhalation [vaporisation] being finished, if you measure 
how much water is gone out of the box, that which is in the place of 
the water forced out, will give the measure of the remaining water. 
Thus you will find, &omthe quantity of water used, how much water 
was dissolved into so much air [steam]. And in like manner, also, 
you can measure into how much of more rarefied air, air of the ordi- 
n^ density can be dissolved." 

The knowledge obtained irom the writmgs of the Greeks, and 
particularly the Pneumatics of "ELero, is evidently applied and extended 
in this experiment ; and although the method of determining the 
quantity of steam or aqueous vapour formed from a given q^uantity of 
water, is far &om being perfect, owin^ to the condensation of the 
former, which would take place by coming in contact with the cold 
water in the box ; yet the important fact, that the pressure of steam 
will raise water above its level and create a running stream, which 
might be employed for a useful purpose, is fully established. The 
principle exhibited in Poria*8 apparatus, must be considered as the 
germ of that part of Savery's engine, where the pressure of the steam 
is employed to force the water up the tube from the receiver into the 
cistern or reservoir. In this respect, therefore, it is vastly superior to 
a variety of later machines where steam was used as the agent, to 
produce new and amusing effects. 

Solomon de CauSy a French engineer, who came to England, in 1612, 
to practise his profession, published a work under the imposing title 
of *' Lea Raisons desForces Mouvtmtes,** in whlchhe shows an acquaint- 
ance with the chief properties of steam ; and particularly that when 
it is condensed by cold, it is reduced to the same quantity of water 
which had been vaporised. He also states that tne violence with 
which water is dissolved into vapour is so great, that if a strong ball 
of copper, containing water, be placed on a fire, it will certainly burst. 
In the fifth theorem of his work, he %hcrw% W« "^^Jyst. ^^■«xi.^^'«jaSi& 
by the application of fire to riseYd§\iet \\v«a\\s\<e^^* '•\^a^&vc^^^'«^^ 
is represented in Fig. 6. "Let tVexei "be «^\i«XS.<iS. Q,c<Tg^«^ >^> '*''*^ 
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•• well nldered ell roond, in which theco i« an aperture for putt 
watei in, by means of a shocf tube and atop-cock at n. Another tube 
ia cloBoly fitted to the ball, havlngoneend paflsingTertioallydownn 
the liatioin, and the otiier above the ball, tenninating in an orifice 
f water, and also fitted with a Btop-eock. Having nee 
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filled the ball with water at d, let it be carefully stopped and put on a 
fire ; then as soon as the heat acts upon the ball, with sufficient force, 
the water will rise in the tube bc, on the opening of the stop-cock 
at B." In the first theorem of the same work, when relating a similar 
experiment, the author states, that it is the force of the steam produced 
by Uie action of the fire from the water itself, which causes it to 
ascend with great violence, as soon as the stop-cock b, is opened. 
The limited nature of this apparatus renders it merely a philosophical 
toy, incapable of any practical application. 

It appears that there was another writer of the same name and 
family, Isaac de CattSf of Dieppe, who published a work at London, 
in 1644, entitled "A New Invention for Raising "Water Higher 
than its Source, with some Machines put in Motion by Water, and a 
Discourse on the Mode of Conveying the Same." Thiis work contains 
an account of machines so very sinular to those of Solomon de Cans, 
that the two persons have been considered identical. 

Father Leureehon, a Jesuit of Lorraine, in his *' Mathematical Recrea^ 
iions" published in 1624, imder the assumed name of Van Etten, 
informs us that in his time, many persons amused tiiemselves with 
turning little mills by the force of steam issuing from (BolipUes, 
Giovanni Branca, an Italian engineer, published, in 1629, a treatise, 
entitled **Le Machine" in which the first application of steam-power 
to practical purposed, on a small scale, appears to have been efiiected. 
His apparatus consisted of an <Bolipile in the shape of a negro's head, 
having a pipe in his mouth, from which the steam issued, and exerted 
its force upon a wheel placed horizontally, and furnished with fioat 
boards or vanes like a|water- wheel or wind-mill. This wheel produced 
a rotary motion, which by means of intermediate mechanism, gave a 
vertical motion to the stampers of a mill for pounding drugs and 
chemicals, and it was obviously applicable to various other useful 
purposes. This period, the infancy of modern mechanical inventions, 
teemed with engineering curiosities ; such as perpetual motion, wings 
to enable men to fly in the air, self-moving chariots, conveyances to 
the moon, and engines for the production of continual music, the lock- 
ing of cradles, the turning of spits, and other automatic operations 
more ingenious than usefid. 

Father Kircher, in his work entitled Magnes, published at Home, in 
1641, describes a steam-machine, represented in Fig. 7, which difiers 
from Caus's engine in the following particulars: the lower vessel 
which is placed over the fire, and contains the water for generating the 
steam, is furnished with a tube which transmits the steam to an upper 
vessel also containing water. In this vessel, the steam acts by its 
pressure on the surface of tiie water, and forces it out, by means of 
another tube, in a continued jet, with a force proportionate to that 
of the steam. 

This machine is manifestly a copy of the apparatus of /. B. Forta^ 
Fig. 5, but in a more ^egant form, the water bemg thrown up in a jet, 
instead of being let down in a stream. Fathers SchoH and Dobrzenaki, 
two Jesuits, probably pupils of Father Kircher, republished this aqi^ik- 
ratus or machine in I6i57, merely as aa wtL\w^Ve^^^^'*^'^^^^ 
me^, withoat any indication p£ iu uX^iVj, ^^^ >^'^ ^>.Vi^-v-v^^^^ 



%i iULS'IORY OK 

descending doth what nothing less than one hundred pound can 
eifect. 

** Invention 100. — Upon so potent a help as these two last-mentioned 
inventions, a water- work is by many years' experience and labour, 
•o advantageously by mc contrived, that a child's force bringeth up, 
an hundred foot hign, an incredible quantity of water, even two foot 
diameter, so naturally, that the work will not bo heard even in the 
next room ; and with so great ease and geometrical symmetry, that 
though it work day and night from one end of the year to the other, 
it will not require forty shillings reparation to the whole engine, nor 
hinder one day's work : and I may boldly call it the most Btimendoua 
work in the whole world ; not only, with little charge, to dnin all 
sorts of mines, and furmsh cities with water, though never so hi^^- 
seatcd; as well as to keep them sweet, running through several 
streets, and so performing the work of scavengers, as well as ftimish- 
ing the inhabitants with sufficient water for their private ooetsions ; 
but likewise supply the rivers with sufficient to maintain and make 
them portable from town to town, and for the bettering of lands 
all the way it runs , with many more advantageousi and yet greater 
effects of profit, admiration, and consequence. 

In these curious extracts, from tho Marquis's book, there is cer- 
tainly a remarkably clear anticipation of the works now-a-days 
effected by the steam-engine, and particularly in the dtjoi London ; 
and it would almost seem to be impossible to have anticipated such 
wonderful effects, had he not been acquainted with the nature and 
operation of such an engine. Till within a few years, indeed, the 
evidence in his favour, as an inventor, was merely ouroumstantial and 
inrcsumptive ; but the labours of Mr. Stuart, one of our ablest histo- 
rians of the steam-engine, have brought to light a manuscript aecount 
of the Marquis's own inventions, in which some controverted points 
have received considerable elucidation; and what is still more to the 
purpose, he has also discovered a docimicnt of the greatest import* 
ancc, which appears at once to settle the question of priori^ of 
invention — namely, a ** Diary of Cosmo de Medici, Grand Duke of 
Tuscany," who visited England in, or about, the year 1656. In tins 
diary, tlie writer gives an account of the steam-engine invented by 
the Marquis of Worcester, which he had seen in operation at Vaux- 
hall, for raising water from the river Thames, and which was said to 
be of more than two horse-power. 

Denis Papin, M.D., F.ll.S., who was bom at Blois, in France, 
although not the actual inventor of the steam-engine, deserves high 
and honourable mention, as the origind contributor of some of the 
most essential parts of that invention, which are in constant and 
daily use. These are the safety-valve, the cylinder and piston, the 
principle of the formation of a vacuum by the condensation of steam, 
and the production of motion in the piston by atmospheric pressure. 
In 1681, a book was published under the auspices of tiie Royal So- 
ciety of London, written by Dr. Papin, which contained a number of 
curious and useful suggestions on various subjects — namely, cookery, 
sea-voyages, confectioneij, making of drinks, chemistry, ayeing,and 
^o propulsion ofveasels by steam •, wUb. aa aiC<io>iii\. qI >;)n.^ tQ%\.^l ^ 
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Dood litrge engine, anil the profit U would sSbrd. Mr. Woodcrofl, in 
his tieatue on " Steam Navigatioa," published in the " TransactionB 
of the Society of Aita for 1S47-S," says that Papin was an improper 
„ and maker of steam- 

'■§■ "■ enginei for pumping, 

that he proposed to 
M>plf them to the 
throwing of bombs ; 
and, above all, to 
propelling a -vessel 
aeamst the wind. 
He also proposed to 
obtain a lotary mo- 
tion &om a reeipro- 
csting one, by cm- 
ployiog two or tbrea 
steun cylind era — the 
piston of the one to 
ascend, while that of 
the other was de- 
scending. A rack 
wai to tie attached 
to each piston-iod, 
capable of being 
taken into or with- 
drawn from a pinion 
on a paddle-wheel 
shaft, BO that by 
alternately putting 

with the pinion and 
withdrawing the 
other, tk rotary mo- 
tion would beaccom- 
plished. 

The tqftty't^vi, 
an apparatus so im- 
portant in the ma- 
nagement of sCeam- 
bouers, that, without 
it, they would every 
moment be liable to 
explosion, was first 
described by the in- 
Tenlor, Dr. Papin, 
in a small volume, 
entitled'Tfoi^^ft^- 
cnrinix tl ulilt pour 




Thi* apparatus, which U lepieawAci v 
plofed by baa to meaaure the preaftiix« ol ftx* »' 
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vessel, still used, ai\d known at the present day by the name of 
Papina digester. Let a A be a strong iron vessel of this descHption, 
fitted with a top or cover, b b, to which is fastened an iron frame, c d, 
by means of screws, f f ; this frame being fastened to the body of 
tne vessel by the rod c o, passing through it at 1 1. The vessel a a, 
having been filled ^^•ith water for the purpose of extracting the juices 
of bones of meat, or other useful purposes, is placed over a fire, or 
in a chemical water-bath. 

"For the purpose of ascertaining the quantity of pressure arising 
from the steam, the inventor took a small tube, h u, open at both 
ends, and having soldered it into a hole made in the lid b b, of the 
vessel A A, he applied, at the upper end of this tube, a small valve, f, 
exactly adjusted and fitted with paper ; he then placed the iron rod, 
L M, in such a manner, that one end of it entered into the piece of 
iron, L Q, which was firmly fastened to the bar, e e ; and the bar 
itself, resting upon the middle of the valve p, was prevented by the 
weight N, placed on the other endM, from being raised by the pressure 
of the steam generated in the vessel by the heat. The resistance of 
the rod to this pressure, as he remarks, is evidently greater or less, 
according as the weight k is placed nearer to, or farther from, the ex- 
tremity M, just as in the common steel-yard. To promote the ready 
action of the valve, on the slightest indication of extra pressure, he 
inserted, within the tube h h, a small tube, o o, fitted with canvas, 
so that one of its extremities should always dip into the water con- 
tained in the vessel. 

He made the tube h h, of small diameter, so that a -sreat weight 
was not required to keep it shut. In a machine, which he placed in 
a water-bath, this tube was about two-fifths of an inch in diameter, 
so that its aperture was to that of a tube an inch in diameter, as 4 to 
25 ; being tnerefore, about six times less in size, it could be kept 
shut with six times less weight. " Now," as he remarks, ** according 
to the experiments of Boyle, the ordinary pressure of the air against 
an aperture of a foot in diameter is about twelve poimds, and, conse- 
quently, it is about two pounds against the aperture of my tube. The 
rod L M, in the machine, is about twelve inches long, and the distance 
from L, to the valve p, is an inch ; so that having a weight of one 
pound at the extremity m, there will be as much pressure on the valve 
as if a weight of twelve pounds were directly applied to the aper- 
ture; so that this weight cannot be raised, if the pressure in the water- 
bath is not six times greater than the pressure of the atmosphere. 
Thus, when a weight of one pound is placed at the extremity h, and 
the valve f permits a little steam to escape, I conclude that the pres- 
sure in the water-bath, is about eight times greater than that of 
the atmosphere, since it can raise not only the weight which resists 
sijp pressures, but also the rod l m, which I know, by experiment, re- 
sists two pressures ; and thus, by increasing or diminishing the 
weight, or changing its place, I can always ascertain, very nearly, 
how strong the pressure is in the machine or vessel." 
J/2 the preceding passage. Dr. Papin refers to the experiments of 
Mr. Boyle, who constructed the ftrst accuialG ak-^wm^» ^'^ ih^ 
assistance of Dr. Hboke, and published an accownX. oi \vAa t-x.^^- 
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ments with that instrument in 1660. The first instrument of this 
kind, which was very imperfect, was invented by Otto Gucricke, in 
1654. The vacuum formed by the air-pump, in the experiments of 
Boyle, although not so perfect as that obtamed in the celebrated ex* 
periment of Torricelli wi(^ the barometrical tube, in 1642, was still 
superior to that which had been hitherto accomplished by any other 
means; and it was tmiversally denominated the Boylean vacuum. 
The experiments with the Torricellian vacuum proved that the atmos^ 
pherlc pressure varied from 14| lbs. to 15 lbs. on the square inch ; 
but the experiments with the Boylean vacuum, owing to the imper- 
fect exhaustion of the air-pump, would, of course, produce a less 
satisfactory result. Hence, we find Dr. Fapin, in the above extract, 
stating the atmospheric pressure at only 12 lbs. on the square inch ; 
but, as the French pound is heavier than the English pound, in the 
ratio of 13 to 12, the atmospheric pressure, even on this estimate, 
would amoimt to 13 lbs. on the square inch. 

The utility of the lever safety-valve, as invented by Dr. Papin, 
has been much disputed ; but it has been found so convenient in 
practice, that it is still retained. Yarious forms have been given to 
it, in order to render its indications more delicate, and its operation 
more safe. The form adopted by the French Academy at Paris, and 
by the Franklin Institute in America, consists of a lever balanced by 
two equal weights at unequal distances on opposite sides of the ful- 
crum, and pressing on the valve at a certain distance from the ful- 
crum. These weights rest on light rollers, which run down from 
their places, «nd entirely release the steam whenever its pressure 
reaches the limit of safety. The form and arrangement of the safety- 
valve in actual use is represented in Fig. 9. To the left of the valve, 
p* Q and in front of the lever, is p^ced a cover pierced 

^* • with holes, which supports the fusible plate 

employed as an additional means of safety. 

In reference to these fusible plates or plugs, 
it may be remarked that their object is to pre- 
vent the explosion of steam-boilers. They are 
placed in the parts of a boiler exposed to high 
SAPBTY-VALVE AND temperature or pressure, so as to form parts 
FUSIBLE PLATE, thereof; and they are formed of a composi- 
tion of metals easily melted, so that they shsdl give way when, by 
accident or improper management, too great pressure and heat 
have been employed. The inadequacy of &is plan has been proved 
by a committee of the Franklin Institute. It was found that alloys of 
tin, lead, and bismuth, of which the fusible plugs were composed, 
did not melt like a homogeneous metal, as it was supposed they would \ 
do ; but that tiie more fusible metal melts in the minute cells of the 
less fusible metal long before the whole mass becomes liquid ; that 
the harder metal forms a sort of grating or sponge in which the 
softer lies melted, so that when Ae steam rises to melt .the first 
metal its pressure gradually expels the melted metal out of the 
meshes of the unmelted, in globules, so that the ^l«.t"ft <5.at««JvA^Na^ 
of the latter only. The minute ceWa oi 1-\v\s xoaxs^ ^^"^^"^^^J^ 
other infusible substances, and a plate CiOxva\fi.'C\B% ^^S. ^.^^ ^^ '* 
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originally intended to melt at 250 deg., under a pressure of two 
atmospheres, may still deceive the engineer, and will hold its 
warning until it has reached a temperature of 500 deg., under a 
pressure of 45 atmospheres, when the hiffh-pressure steam of the 
boiler may cause it suddenly to explode wita the force of gunpowder. 

The invention of a steam-machine or apparatus, consisting of a 
cylinder and piston, which now forms the principal part of all our 
modern steam-engines, is imquestionably due to Dr. Papin, and we 
do not much wonder at his coimtrym«n setting up his claims as supe- 
rior at least to those of the Marquis of Worcester. Of the engine 
invented by the latter, no trace whatever remains, except the fact of 
its existence asserted by himself and the Grand Duke of Tuscany. 
Of the former w^e^have the following drawing, represented in Fig, 
10, and the description written by the inventor, and published in the 
Acta Eruditorum, at Leipzig, in 1690. <* aa is a tube of equal dia- 
meter throughout its length, and closed at the bottom ; bb is a piston 
exactly fitted to this tube ; dd is the handle attached to the piston ; 
£E is an iron rod, turning on an axis at f ; a a spring which presses 
the iron rod be, and makes it enter the notch h, as soon as the piston, 
with its handle, is raised high enough to show the notch above the 
lid or cover ii ; l is a small hole in the piston, through which the air 
in the tube aa escapes, when the piston descends to the bottom for 
the first time. 

*'In using this instrument, a little water is poured into the tube 
aa, to the depth of about three-tenths of an mch. The piston is 
then introduced, and pushed to Che bottom, so that the water in it 
begins to run out at the hole l ; the hole is then closed by the rod 
MH, and the cover ii, pierced with as many holes as possible, is 
placed over the whole. A fire is then put under the tube aa, whidi 
will heat very quickly, because it is constructed of thin metal ; and 
as soon as the water within is converted into steam, it will create a 
pressure so great as to exceed the weight of the atmosphere, and push 
the piston bb upwards, till the notch h appears above the cover ir, 
and the rod eb is pushed into it by the spring a, an effect not pro- 
duced without noise. The fire is then immediately withdrawn, the 
steam is speedily condensed into water by the cold, and a vacuum is 
formed in the tube. The rod ee is then turned on its axis, to free it 
from the notch h, and permit the piston to descend, which it will 
instantly do by the pressure of the atmosphere. In this way motion 
will be produced as often as you please, with a force increasing with 
the size of the tube." 

" There is no doubt that the air will act in the tube with the whole 
force of gravity ; for it has been observed by experiments, that the 
piston, after having been raised by the heat to the top of the tube aa, 
has descended to the very bottom many times in succession ; so that 
there cannot be any air in the tube to support it from below, and 
resist its descent. Wow, a tube which is only 2 J inches in diameter 
is cjmable of raising 60 lbs. to the whole height lirom which the pis- 
ton aescenda, and its weight is only five ounces. It is evident, there- 
^ore, that tubes might he made wnich. weioh uo mox^ tl^aai 40 lbs., 
Maa which could raiBQ 2,000 lbs. to the Uei^H ol io>» i^^X vXwSsv 
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operation. It has been proved also that a minute is sufficient to enable 
a moderate fire to drive the piston to the top of the tube ; and, as the 
fire must be proportioned to the size of the tubes, the large tubes can 
be heated nearly as easily as the small ones ; hence, this simple 
machine is capable of producing enormous forces at a rapid speed. 
Now, a column of air, which rests on a tube a foot in diameter, 
■weighs nearly 2,000 lbs. ; but if the diameter were two feet, the 
weight would be nearly 8,000 lbs., as the pressure always increases in 
the duplicate ratio of the diameters. Whence it follows that the fire, 
in a furnace whose diameter is a little more thtm two feet, would be 
sufficient to raise every minute 8,000 lbs. to the height of four feet, ' 
if the tubes were made of this height ; and the fire being placed in 
a furnace of thick iron plates, it could be eas^y pushed from one 
tube to another ; so that the same fire would continually form in one 
of the tubes the vacuum which is capable of producing such great 
efiects. It would take too lon^ to mention here how this invention 
might be applied to mining, military, nautical, and other purposes ; 
but every one can most readily adapt it to the wants of his own pro- 
fession. The chief difficulty would be the construction of proper 
tubes, as stated in the Ada Brudiiorum for 1688." There can be no 
doubt that the grand principle by which the jnovins; power is made 
to operate in all our modem steam-engines was fuUy developed by 
Dr. Fapin, in the machine just described in his own words ; and 
although he did not construct a steam-engine until he had seen a 
drawing and description of a later invention b^ a cotemporary, yet 
the improvements which he made in this engme, coupled vfith his 
own original inventions, paved Uie way for all subsequent inven- 
tors. The discovery of uic method of forming a vacuum by the 
condensation of steam, and of producing motion in the piston by 
atmospheric pressure, is unquestionably due to Dr. Papin. 

Thomas Savery^ Gent., otherwise called Captain Savery, obtained 
a patent, in 1698, for ** raising of water, and occasioning motion to all 
sorts of mill- works, by the impelling force of fire," wnich he stated 
would be "of great use for draining mines, serving towns with 
water, and for the working of all sorts of mills, where they have not 
the benefit of water or constant winds." The inventor exhibited a 
working model of this machine to the Koyal Society of London in 
1699. We agree vrith Mr. Scott Russell in his account of this engine, 
when comparing the merits of Captain Savery's invention vdth uiose 
of the Marquis of Worcester. " We have seen," says he, " that the 
Marquis's model appears to have been placed on or below the level 
of the water to be raised, and that his vessels being filled, their con- 
tents were raised by the elastic force only of liie steam. Mr. Savery, 
on the other hand, erected his engine at a height of nearly thirty 
feet above the level of the water. A large close vessel was filled 
with steam ; this steam was reconverted, by coolins the outside of 
the vessel, into water, leaving the large space it haa formerly occu- 
pied vacuous. Into this vacuiun water was raised, as into the vacuum 
of a common sucking-pump, by atmospheric pressure, and so, within 
the limit of atmospheric pressure, raised twentv-eight or thirty feet. 
After this was accomplished, the water was nirther raised by the 
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elastic force of the steam, just as in the [supposed] engine of tho 
Marquis of Worcester. But the improvement was great. The same 
force of steam, strength of vessels, and consumption of fuel, which 
were sufficient, on the Marquis's plan, to raise water thirty feet, 
would be capable of drawing up the water thirty feet, and then thirty 
more, on Sayery's plan, or doing double the work, or sixty feet of 
height. This was certainly a notable improvement." In continuing 
this comparison, he justly remarks that their claims rest on inde- 
pendent grounds. The Marquis of Worcester expressly disclaims 
theuseof a vacuum, a thing which is the distinguishing feature of 
Captain Savery's ; for he says, " not by drawing it or sucking it 
upwards, for that must be, as the philosopher calleth it, 'intra 
spluBram aeiioUatis,' which is, but at such a distance ; but this way 
f^y high pressure] hath no bounder, if the vessels be strong enough. 
The Marquis here uses the language of the schools when, speaking 
of the limits of a vacuiun in the use of common pumps, he says, 
** within the sphere of activity" — that is, within the limits of a certain 
distance, namely, 33 feet. Captain Savery on the other hand, added 
the principle of high-pressure to the principle of forming a vacuum 
by condensation, the former having been known before the Christian 
era, but the latter only from the time of Dr. Fapin. The Captain, how- 
ever, appears to have been the first inventor of the principle of con- 
densation, by throwing a jet of cold water on the vessel which con- 
tained the steam. This also was a notable improvement on that of 
Dr. Papin, and one which morothan doubled its utility in practice. 

In the sketch or drawing of the Marquis of Worcester's supposed 
steam-engine given by Professor Millington, already referred to, he 
says that the inventor speaks only of the expansive force of steam, 
without alluding to its condensibility, although this has been taken 
into account in its explanation; and adds that the condensation of 
steam affords no other assistance to that machine than by filling the 
vessels witli the water to be raised, and that, consequently, the 
whole effort of raising the water into the cistern must depena upon 
the expansive force of the steam employed. Again, from these ves- 
sels being constantly under water, they will be kept in a very cold 
state, and all the first portion of steam that enters them must be con- 
densed and lost, instead of being permitted to exert its expansive 
force, and a very considerable quantity of steam must be dissipated 
in this way ; so, also, the fuel employed to produce that steam must 
be wasted. In Savery's engine these inconveniences did not exist; 
for, instead of throwing the whole burden of raising the water upon 
the force of the steam, he raised it, as far as atmospheric pressure 
would permit, by a vacuum produced, as we have remarked, by the 
condensation of steam, and then effected the remainder of the lut by 
its expansive force. 

Having thus explained the principle of Captain Sayery's engine, 
it may be proper now to give a description and representation of his 
first engine, similar to that which he actually erected at Camden 
House, an account of which was gfv'tti 15y Mr. Bradley, in his 
'' Treatise on Gbadening, In Fig. 11, is, the boiler, is a strong cop« 
per vessel, with its fire-place, set itv bivck^oxVL* 'Sxwa.'^Baak^'wfiN^^a. 



U HISTOBY OF 

which the gteam is generated, a etGam-pipe, fumiBhed with a Blop- 
cock or regulator at c, patBes into an air-tight copper Bteam-TeEiBel or 
TBCGiTer at b. This TCBBel, at firat setting to wark, ia full of air, which 
the Bteam is made to diachaige through the clack-Talve U a, whence 
it ascends into the force-pipe A. After the receiTei B is thus freed 
front air, which ia ascertained hj its being hot with iteato, the steain< 
regulator o ia shut, and cold water is thrown upon the outside of ttu 
recei-rer ; this cools the atcam inside, and causes it to condeoAe, 
leaving a vacuum in the receiver, into which the pressure of the 
atmoBpbere, acting on the suriace of the water to be raigedl, fiacea a 
column of water up through the suction-pipe p, and the clacL-valre 
(, from the pond, well, or pit containing tb* ~ 



Fig. 11. 




As soon as the receiver ■ ia thu 
filled with water, the stop-ooek o 
is opened, and die ateam paaaea 
fl-om the boiler b into the leceirer ; 
this steam presses on the surface of 
the water it contains, and forcea 
the water through the clack-valve 
a up the force-pipe A. ; this fcoce 
being expended, the weight of 
water in a shuts the valve a, and 
prevents its return to the receivw 
B, or to the suction-pipe ji, in which 
the valve b ia made to shut bf the 
pressure of the water in the part. 
of the tube communioating with 
the receiver B. When Uie re- 
ceiver is thus emptied into the 
force-pipe a, whioh is easily per- 
ceived by the receiver becoming 
hot with the steftm, the regulator 
or ateam-cock c is shut ; tha steam 
in the receiver is condensed bv 
ing the cock of the amaU 



I the 



, which 
water adraitled either from the force-pipe a, or the 
at iiB top, which receives the water tMown up. As 

the steam is condensed in the receiver b, the water 

well or pit will immediately ascend through the suction pipe 
p and the valve 6, and replenish the receiver a as before. 
The ateam-cock c being now opened, the Bteam is admitted into &b 
receiver s, presses on the surface of the water in it, and forces the 
water up the pipe a, as before, into the ciBtem placed at the top. The 
steam-cock a is then shut, and the cock of the reservoir b is opened i 
by the condensation, the steam-vessel B is refilled with water, and 
forced up the pipe a as before i and it is evident that this proceas 
may be continued for any length of time that maybe requiied. 

There can bene doubt that the form of Savery's first steam-engine 
now described, was taken directly from that of a common lifl-and- 
force-pump, the action of steam being subi tituted for that of the pump- 
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piston. In Fig. 11, the suction-pipe jti, and the force-pipe a, form but 
parts of one and the same machme. The receiver or Bteam-vessel s 
takes the place of the cjlindric chamber of the forcc-pum^) with its 
piston ; the clack- valTes a and b are the same, in both machines ; the 
filling of the receiver with steam, and its pressure on the surface of the 
water, is the substitute for the forcing down of the close piston in the 
cylinder, to drive the water up through the clack-valve a and the pipe 
A ; and the condensing of the steam in the receiver to create a vacuum, 
Is the substitute for lifting the same piston up to form a vacuum, 
for the admission of the water through the clack-valve b, and the 
suction-pipe |i. The boiler b is furnished with a safety-valve v, to 
prevent accidents, and to regulate the pressure of the steam in the 
receiver. It is also furnished with a gauge-cock ^, to ascertain the 
depth of the water in the boiler b. The utility of the safety- valve 
for ascertaining the pressure of the steam is obvious ; for if the height 
of the force-pipe a is about 30 feet, the column of water in it is equal 
to the pressure of one atmosphere, the steam in the receiver s must 
then be equal to that of two atmospheres, in order to raise it into 
the cistern ; and consequently equal to that of more than two atmos- 
pheres, in proportion as the height of the pipe exceeds that of thirty 
feet. 

Captain Savery continued to make improvements upon his siagle 
receiver engine, according as it came into useful and practical opera- 
tion. One of the most important of these was the substitution of a 
pipe communicating with the receiver 8, and the force-pipe a, and 
furnished with a cock, called the injection cock, instead of the reser- 
voir s with its cock, for condensing the steam. The mouth of this 
injection-pipe had a nozzle pierced with small holes radiating in every 
direction, and condensing the steam in the interior of the vessel, more 
rapidly than when the water was applied outside, and without cool- 
ing the receiver s, to such an enormous degree as formerly. His next 
improvement was the invention of the iriai ot gauge cocks, already 
alluded to, for the pxirpose of ascertaining when the boiler contained 
its proper quantity of water ; these are of no small importance, and 
are carefuHy retained in all modem engines. A pair are generally 

S laced in the upper part of the boiler, and pipes proceed from them 
own into the mterior. In explaining their use, it may be advisable 
to remark that all steam-boilers, and particularly those intended for 
the use of steam-engines, shoidd be so large, that the quantity of 
water required for use should not near fill them ; but that a great 
space should be left above the water, to act as a reservoir or receptacle 
for the steam as it is generated. Unless this were done, the cylinder 
or vessel to be filled with working steam might contain more than Uie 
space which existed above the water, and consequently could not be 
supplied with steam regularly, or with the necessary degree of speed. 
On the other hand, if the upper part of the boiler should contain a 
volume of steam ready for action and considerably greater than what 
the cylinder or vessel can contain, the latter can always be supplied 
without materially diminishing the force or density of what remaina 
in the boiler, and the speed of the engine -vhvVL ^^At^1«^pt^^ifc 'oassssw- 
tained; while, if this were not t\ie c«Ae,xJcie«»^^^^^^»*^'^«^'^''''^^ 
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or suspended altogether, until the continued action of the fire gene* 
rated the necessary quantity of steam. It is therefore important 
that the water in a hoilcr should never rise much beyond some set- 
tled height ; and it is equally unnecessary that the boiler should con- 
tain a sufficient quantity of water to enable it to produce the steam 
required, and to protect it from the action of the fire. These pre- 
cautions are necessary to prevent not only inconvenience m the 
working of a steam-engine, but danger which might arise from the 
explosion of the boiler itself. For, whenever a part of the metal 
which is ezposied to the action of the fire ceases to be covered with 
water, it is then liable to be burnt — ^that is, to become red hot. It 
then decomposes, and soon wears into a hole, when explosion 
becomes inevitable. 

^ When the gauge-cocis are properly attended to, they will at all 
times indicate the height of the water within the boiler, while a fire 
is underneath it, with sufficient accuracy to prevent accidents. They 
are made of brass, and are screwed into their places in the upper jpart 
of the boiler, so as to be perfectly air or steam tight. They are united 
to pipes which pass dovni into Uie inside of the boiler, the one pipe 
bemg shorter than the other by a quantity varying from four to six 
inches, their entire length being fixed by the water-line of the boiler, 
which must be previously determined. Then the shorter gauge-pipe 
should extend to witlun two or three inches of this line, and the 
longer gauge-pipe to about two or three inches below it, that is, 
dipping 30 much into the water. Accordingly, when the cock of the 
longer pipe is opened, boiling water shoiud issue from it, but no 
steam ; and when the cock of the shorter pipe is opened, steam only 
should issue from it, and no water. This will always be the case 
when the boiler is filled v^th water to its proper height, and will 
show that the surface of the water is somewhere between the ex- 
tremities of the two pipes. If the boiler be too full of water, then 
its surface will be above the extremity of the shorter pipe, and water 
will issue from both cocks when opened ; but if the water Ite too low 
in the boiler — that is, below II^ extremity of the longer pipe, steai^i 
will issue from both cocks when opened. To each of these cases the 
proper remedy must be applied ; but while steam issues from the 
one cock and water from tiie other, the boiler may be considered as 
containing its proper charge of water, and may continue to be worked 
with safety and advantage. The management of the surplus or de- 
ficiency of a boiler is provided for by an apparatus which will be 
described in another chapter. 

In concluding this account of Captain Savery's first steam-engine^ 
it may be worth while just to advert to some of its defects which he 
tried to remedy, and which led to tiie invention of another machine, in 
which he had at least a monetary share. As the water is elevated in 
the force-pipe by the elasticity of the steam, this must, in the boiler 
and every part of the machine, be such as to exert a pressure on 
every square inch of the vessels equal to that of the upright column 
of water in the pipe. Now, in order to raise the water into a 
reservoir 100 feet high above the level of the well or pit in which it 
j^ contained, a pressure of nearly three atmospheres would be re- 
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quired, or a supply of high-pressure steam of the temperature of 275 
deg. Fahrenheit. Of the 100 feet, about a fourth part may be accom- 
plished by raising the water in the suction-pipe to the receiver, and 
the remainder, or 75 feet, must be effected by forcing it up the pipe 
by the pressure of the steam alone. For this moderate height, very 
strong vessels would be required — a fact of which even the Marquis 
of Worcester seems to have been well aware, when he speaks of a 
way to make his vessels so as to be strengthened by the force within 
them ; for from these words, it would appear that he had oyercome 
the difficulty of making steam-tight joints by using intern^ flanges, 
which should becoiiie tightened by the internal pressure of the steam. 
At such a heat as that above-mentioned, soft solder is weak, and 
spelter solder, or strong rivetting, ought only to be used. The 
necessity of this was rendered strikingly evident by an accident in a 
machine erected by Captain Savery. The worknian ^avin^ loa4ed 
ih'e safety-valve a little more than usual, to make the engme woiflc 
brisjily, the boiler burst with a dreadful explosion, killed the work- 
pan, and blew up the furnace and adjoining parts of the building, as 
if it had been filled with gunpowder. Mr. Savery sucpeeded pretty 
well in raising moderate quantities of water to small height, but he 
could make nothing of deep mines. Many attempts were made, on 
tne isupposed principle of the Marquis' of Worcester, to strengthen 
thb vessels from witnin b^ radiated bars, and from' without dt hoops, 
but the results were Invariably unsatisfactory. Trials were also made 
with very small boflers or vaporisers, kept red-hot, or, at least, to a 
very high degree of heat, and supplied with a small stream of water* 
which was allowed to trickle into them ; but they failed in pro- 
ducing a sufficient collection of steam during the cool^ig of the 
receiver, in readiness for the next forcing operation; hence, the 
working of such engines was always an employment of great danger 
and anxiety to the attendants. 
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CHAPTER III. 



PBOGBESS OF THE STEAH-ENGIKE FBOM THE END OF THE 
SEVENTEENTH CENTURY TO THE EBA OF WATT. 

Thb beginning of the eighteenth century was eignalised in the history 
of the 8team*engine, by arduous and successful attempts to render it 
useful in the draining of mines — a branch of industry so essential to 
the prosperity and wealth of this country. Captain Saver^ had made 
yery great improvements upon his engine, insomuch that it assumed 
a new form, much more adapted to efifectiye practice than the former 
(as described in the preceding chapter), and capable of being erected 
on a large and expensiye scale. The chief defect of the first form of 
his engine was its intermittent nature, which rendered it incapable of 
keeping up a continued flow into the cistern, whereby both loss of 
time and waste of fud. were occasioned to a yery considerable extent. 
An accoimt of his second, or improved engine, which was invented 
to obviate this defect, was published by himself, in a small work 
called the "Miners' Priend," London, 1701. It was extensively 
applied to draw water from deep mines, being placed under groimd, 
on a platform, from twenty to trdrty feet above the level of the water, 
and the chimney ascending in the shaft of the mine, along with a 
pipe, through which the water was forced to the surface. The form 
and principle of the second engine was, of course, exactly similar to 
those of the first, the chief difference consisting in the use of two re- 
ceivers—like s., in Fig. 11 — ^instead of one. These communicated by 
separate pipes with the same boiler, and had their respective clack- 
valves in separate pipes, which divaricated from the same suction- 
pipes, and united again in the same force-pipe ; so that, while the 
one receiver was discharging its water, me other was forming a 
vacuum, and drawing up its charge of water from the pit. By the 
adoption of a second, or subsidiary boiler, the inventor, ingeniously 
compensated for the reduction in the quantity of water, arising from 
constant vaporization in the main or principal boiler, without having 
occasion to stop the machine in order to replenish it with wat». 
This was effected by placing a small boiler by the side of the larger 
one, and shutting them up close from comm\mication with the ex- 
ternal air. A pipe, fitted with a cock, passed up from near the 
bottom of the smaller boiler to the upper part of the larger one; and, 
when the steam was produced in the smaller boiler, and pressed 
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witliin it on the surface of its own generating water, as soon as the 
cock in this pipe was opened, all this water was driven through it, in 
a boiling state, into the larger boiler. This cock was then shut, and 
the small boiler was replenished with cold water through a pipe 
leading from the force-pipe. This cold water, of course, remained in 
the small boiler till it was again raised to the boiling state above- 
mentioned, when it was discharged into the larger boiler, as before. 
By this means, the heat of the water in the laree boiler was never 
checked by the introduction of cold water. This important principle 
of management is most scrupulous^ attended to even in the con- 
struction of the improved engines of the present dav. The time for 
opening and shutting the cocks was always indicated by the rattling 
of the clack-valves ; and the labour of turning them, and tending the 
fire, was no more than a boy could perform during a whole day. 

Having thus given an account of Captain Savery's steam-engine, 
both in its original state and in its most improved form, we might now 
pass to the consideration of the improvements subsequently effected by 
other inventors. But in a history of the steam-eneine, some notice 
must be taken of the various opinions which have heen transmitted 
to us, regarding the merits and originality of the different inventors. 
Among the writers belonging to the epoch under discussion. Dr. 
Desaguliers, a man of considerable reputation as a philosopher and 
mechanist, has given the following story, in vol. ii. of his Experimental 
Philoecphy: — LondoDf 1734. *< Captain Savery having read the 
Marquis of Worcester's book, was the first who put in practice the 
raising of water by fijre, which he proposed for the draining of mines. 
His engine is described in Harrises Lexicon^ which being compared 
with tne Marquis of Worcester's description, will easily appear to 
have been taken from him, though Captain Savery denied it ; and the 
better to conceal the matter, he bought up all the Marquis of Wor- 
cester's books that he could procure, and burned them. He said that 
he found out the power 6f steam by chance ; that having drank a 
fiask of Florence, and thrown the empty fiask upon the fire, he called 
for a basin of water to wash his hands ; and perceiving that the litUe 
wine he left in the flask had filled up the flask with steam, he took the 
fiask hj the neck and plunged the mouth of it under the sur&ce of the 
water m the basin, and this water was immediately driven up into 
the fiask by the pressure of the air. Now, that he never made such 
an experiment, I thus prove : I made the experiment purposely v^th 
about half a glass of wine left in the fiask, which I laid upon the fire, 
till it boiled into steam ; then putting on a thick glove, to keep the 
neck of the fiask from burning me, I plunged the mouth of the fiask 
under the water that filled the basin ; but the pressure of the atmos- 
phere was so strong, that it beat the fiask out of my hand with 
violence, and threw it up to the ceiling. As this must also have 
happened to Captain Savery, if ever he had made the experiment, 
he would not have failed to tell such a remarkable incident, in order 
to embellish his story." 

Strange as the preceding account must appear to t3\ft ^i.'OT!AcL^x^'^^'et_^ 
the following comment onit, wriUen. \>^'^x*'i.^^^NX "^^^'*>^^T^ 
appear Btr&nger nm, " We have,'* BCi^!k\wft/*^«Aorn!^^^^^'^^ ' 
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experiment frequently, with various results. If the mouth of the 
flask happens to oe large and its neck short, the water very oold, and 
the flasK perfectly filled with steam, the effect is cxacUy what 
Desaguliers describes; for the yaouum being suddenly and com- 
pletely formed, th6 flask is first pressed down towards the basin, which 
the hand reirists by sustaining the flask in the opposite direction, and 
just then the ^v<rater rushes with sreat yelocity mto the vacuum, and 
striking^ on the bottom of the flask now turned upwards, is apt to 
knock It suddenly out of the hand. But if, on the other hand, the 
flask has a narrow mouth and a long neck, and if when inverted, its 
neck be allowed to rest on the bottom of the vessel, and if the water 
in the basin be not very cold, it will rise slowly and gently, and the 
flask will be completely filled. The Doctor's inference is not, there- 
fore, perfectly just to Savery, who, if he had read Worcester's book, 
woula not find in it any such principles, but an express exception 
from it.". 

The true solution of '^Jie Captain's experiment, as narrated by Br. 
DesaguUers, is simply tnis : the quantity of steam arisingfrom the very 
small quantity of wine left in tiie fiask, which could not be above two 
or three drops, was not alone sufftcient to fill the fiask ; it was conse- 
quently mixed therein with the atmospheric air, which always renders 
steam visible ; into this mixture, the water of the basin would inmie- 
diately rise, by the condensation of the steam ; but its violent pres- 
sure, arising from sudden condensation, would be inscantly checked by 
the resistance of the atmospheric air of the mixture, which would not 
condense like the steam ; and thus the effect experienced by Dr. 
DesaguUers and Mr. Bussell would not be felt. ]3oth these experi- 
menters appear evidently to have put as much wine into the fiask, as 
would generate enough of steam to fill the fiask, and expel the atmo« 
spheric air ; whereas. Captain Savery left only a small quantity, quite 
insufficient for tliis purpose ; hence, the reason of the difference in the 
results. Nothing conclusive, therefore, against the independent 
claims of Saveij to the real discovery of the principles of condensa- 
tion, employed m the steam-engine, can be gathered from this story 
of Dr. DesaguUers. 

A very different account of Captain Savery's ** engine for raising 
water by fire" is given by fitephen Switzer, a contemporary author, 
in his *< System of Hydrostatics and HydrauUcs," published at 
London in 1729. «* Amongst the several engines," says he, "which 
have been contrived for the raising of water for the supply of houses 
and gardens, none has been more justly surprising than that for 
the rcdsing of water by fire, the particular contiivance and sole 
invention of a gentlemen with whom I had the honour, long since, 
to be weU acquainted — I mean the ingenious Captain Savery. This 

gentleman's thoughts were always employed m hydrostatics, or 
ydraulics, or in the improvement of waterworks : and the first hint 
m>m which, it is said, he took his engine, was from a tobacco-pipe, 
which he immersed in water to cool it. He discovered that the water 
was made to spring through the tube of the pipe in a wonderful and 

F 'sing manner ; though others say that the learned Marquis of 
eter, in his 'Contiiry of Inyentiona' QNv\i\c\il\i^New'iX^^«C\^ 
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gave the first hint for the raising of water by fire. It was a consi- 
derable time before this curious person, who has been bo great an 
honour to his country, could bring his design to perfection, on 
account of the awkwardness of the workmen who were necessarily 
to be employed in the afiair ; but at last he conquered all difficulties, 
and procured a recommendation of it from the Boyal Society 
(< Philosophical Transactions,' 252), and soon after a patent from 
the Crown ; and I have heard him say myself that the very first time 
he played it was in a potter's house at Lambeth, where, though it 
was a small ensine, yet the water forced its way through the roof, 
and struck up the tiles in a manner that surprised all the spectators." 

The preceding account of this invention is much more likely to be 
the true one than that given by Desaguliers ; and we cannot con- 
clude Uie subject more appropriately 9ian by citing Dr. Robison's 
remarks, in his account of the steam-engine :— *' Captain Sarery, a 
person of great ingenuity and ardent ndnd, saw the reality and prac- 
ticability of the Marquis of Worcester's project. He knew the great 
expansive power of steam, and had ddscovered the inconceivable 
rapidity with which it is reconverted into water by cold ; and he soon 
contrived a machine for raising water, in which both these proper- 
ties were employed. He says that it was entirely his own inven- 
tion. Dr. Desaguliers insists that he only copied the marquis's 
invention, and charges him with nross plagiarism, and with having 
bought up and burned the copies ofthe marquis's book, in order to se- 
cure the honour of the discovery to himself. This is a very grievous 
charge, and should have been substantiated by very distinct evidence. 
Desaguliers produces none such, and he was much too late to know 
what happened at that time. The argument which he gives is a very 
foolish one, and it gave him no title to consider Savery s experiment 
as a falsehood ; for it might have happened precisely as Savery 
relates, and not as it happened to Desaguliers. The fact is, that 
Savery obtained his patent of invention after a hearing of objeC" 
tions,* among which the discovery ofthe Marquis of Worcester was 
not mentioned; and it is certain that the account given in the 
" Century of Inventions" could instruct no person, who was not 
sufficiently acquainted with the properties of steam, to be able to 
invent the machine himself." To l5ios€ who know the history of 
Dr. Robison, and his practical and theoretical skill, both as a me- 
chanician and a philosopher, this summary of evidence in favour of 
Captain Savery will appear both conclusive and satisfactory. 

That the invention of a machine promising such great advantages 
as were to be expected from the steam-engine, even in its infancy, 
should have been claimed by severid individuals, is not to be won- 
dered at. Accordingly we find that, notwithstanding its well-defined 
commencement above detailed, most of the French writers appropriate 
the invention to their own nation, and particularly to Amtmtons or 
Pnqdn, These ingenious persons, indeed, did propose or construet 
machines to operate by the agency of fire ; but the invention of 

♦ And, as Dr. Bobison obaerrea, "attet YivqVji^ wi\.>asK\i ^x's.^Ns.^ji, "^sx^-^ 
machines." 
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AmontonB, which la fally described under the name of a Firg^miil ia^ 
th^ ^.Memoirs of the Academy of Sciencea" at Paris, for 1699^ will hA 
fouiRb'Co biMir no resemblance in any part to a steam-engine; nrlule - 
that of Papin is a most palpable copy of Savery's engine. In ^ct, aE 
hisu first' attempts to obtain a working-en^e proved abortive, 
alihtf^h carried on at considerable expense under the auspices of 
theri'iiUidgraYe of Hesse ; and it was not imtil 1707, or nine years 
aftei the date of Savery's patent, that he was enabled to produce an 
engine, which was so similar to Savery's, that he was obliged to con- 
fess his obligation to that invention. A drawing and description of 
Papin's steam-engine will be found in part ii., vol. ii. of Belidor's 
Architecture Hydrauliquey the only difference between his and Savery's 
being that the receiver in the former is cylindrical, hayiiig a flat top 
and bottom, so as to admit of a circular piece of wood, nearly fitting 
the cylinder, to float upon the surface of the water as it rises and 
falls. The object of this apparatus is to preifcnt the steam from com- 
ing in contact with the sunace of the cold water, and thus condensing 
to such a great degree as it does in Savery's engine. This, of course, 
is, to a certain extent, an improvement ; but as it does not prevent the 
condensation produced by the wet and cold sides of the receiver, it is 
of less importance than at first sight might be imagined. Instead of 
. employing the suction-pipe, Papin supplies the receiver with water 
by mere hydrostatic pressiire ; for he places the receiver so low, that 
the water nms into it by its own effort, and thus obviates the neces- 
sity of a perfect vacuum, and prevents the cooling of the receiver 
to the same extent as. in Saverv's engine. The latter part of the 
scheme, however, can scarcely be called an improvement, as it is 
evidently. a return to the plan either adopted or suggested by the 
Marquis of Worcester. 

Owing to the simplicity of construction in engines on Captain 
Savery's plan, especially with the single receiver, many attempts 
were made to improve them, and bring them into common use. One 
of the first applications, indeed, proposed by himself, was to raise 
water to fall on a mill-wheel| and t\irn machinery as by a common 
fall of water. The quantity of fuel necessary to produce steam of 
high temperature, and the greater part of this being wasted at every 
stroke, are the chief causes why such engines failed to give satisfac- 
tion ; yet for small lifts, where coals are cheap, they have been found 
very useful for raising considerable quantities of water. Several of 
them, after Savery's time, were erected by Mr. Joshua Rigley at 
Manchester, and throughout Lancashire, to impel the machinery of 
some of the earliest cotton-mills and manufactories of the district. 
One was, not very long ago, erected at the manufactory of Mr. P. Keir, 
at Camden-town. Fig. 12 is a representation of a central section of 
this engine. The boiler b feeds itself with water from a cistern by a 
pipe having a valve connected by a wire with a float on the water in 
the boHer, iso as to open when the water gets low ; for the fioed tlten * 
sinlcs, and draws the valve up to allow the water from the oiaterii'td 
supp}j^t}[ie deficiency, but as the water in the boiler rises, the fleet 
cJoaea the valte, " Hence the water in the boiler i^mairvB uearly at the 
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Ae MBUn U conveved hj > pipe c to a box d, thiongli the boUon ot 
which, bj me«i» of ft eonioal *i1t«, it ii admitted to the cylindrieU 

H U ■ detBiii from which the en^ne diawa ill water through ft vti- 
tioal ppe> hMFing ft niTe at a to i«tain the water. » h Koothw ei*- 
tesB mto wUeh the water iadeliTered&om the reoeiTsr a thtgn^ a 
TftlTC ; wA theoM It flow*, thtongh a (lidDei upon the ovenhot watM< 
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wheal w« of which the axia a oommuiucateB motion to the Uthee 
and otha maahinM wad in the manufaotory The water &U> frpoa 
the wheel agidn Into the hum eutara b Aa the aamtt <«;«»x <ui«». 
Utes oontinnaUrfaibothditenu, U toon \iwaawft ■«««- ^''^*-, 
thb, mU irac« la ralaed by ft amtJl loi«A»%-"e^aKS few*. %. ■'»«>-^ 
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and a pipe 'pMses firom this pump to the cobumI part of tlMS 
reoeiver a for iniectiDg the cold water at the proper time. 
Ifpdn the axis a of tne water-wheel, another wheel, t, ia fixed, ahown 
aeparateiyf as at <r, A, e, d, which are four elicks, all or any number cxf 
which may be fixed on the wheel at a time. Each wheel has its ooT' 
responding block, e, /, g, k, on the opposite surface of the wheel. 
The use of "diese is to work the engine. Thus, suppose the whe^ 
are turning round, one of the clicks, a, meets a lever, which it lifts, 
and this opens the steam- valve d by a rod reaching the handle of the 
axis X. The steam then passes into the receiver a, and the steam- 
valve shuts again as soon as the click a has passed by. In the mean- 
time, the corresponding block e, on the other side of the wheel t, has 
been raising the loaded lever which forms the handle of the forcing- 
pump ; and, at the instant the valve d is shut, the block e lets go the 
loaded lever to descend suddenly by its own weight. This depresses 
the forcer of the pump, and thereby throws a jet of cold water up into 
the receiver A, to condense the steam and create a vacuum. The 
pressure of the 'atmosphere upon the water in the cistern h then 
causes it to rise in the upright pipe, through the valve a, to the ex- 
hausted receiver. When the engine is first set to work, the water- 
wheel being motionless, the steam-valve and injection-pump are 
moved by hand ; and, if tlie engine has been long out of work, two or 
three strokes may be necessary to raise water enough to fill the re- 
ceiver A. As soon as this is done, and the valve opened to admit the 
steam into the receivei', the whole water above the spout and valve p 
flows out of the receiver a into the upper cistern. This machine, 
when in ^ood order, delivered seven cubic feet of water in a minute, 
at the iieight of twenty feet above the reservoir, making ten strokes in 
a minute, and consuming six bushela of coal in twelve hours' work. 
The diameter of the overshot water-wheel w w was eighteen feet, and 
that of the wheel t, on the same axis, four feet. 

In the practical application of Savery's engine, ingenious as it was, 
the only situations where it oould be employed with perfect safety, 
and with useful efiect, wore those where the old lift did not exceed 
from thirty to thirty-five feet. In these the greater part of the work 
might be performed by the siictign-pipe, and a very manageable 
pressure was sufficient for the rest. In greater lifts, than this, its 
operation was both wasteful and dangerous. By some experiments, 
made by Br. Robison, it appeared that no less than eleven-twelfths 
of the whole steam were uselessly condensed in the receiver, and net 
more than one-twelfth was emj^oyed in allowing the water to descend 
by its own weight. Many attempts were made to diminish this waste, 
not only in the early history of the engine, but even at a later period, 
as the records of the patent-office testify ; but all of these attempts 
have failed, and this engine, the first xhaX was invented of any prac- 
tical utility, was at last entirely superseded. 

l%oma§ ^ewoamm, of Dftrtnouth, in Devonsblxet havin|^ had 
oeeasion to witness experiments made with Savery's «team«enpiie in 
tJka tin-miBeB in Gmnwall, and to observe the dangers 4ttd difficulliee 
xiiending th&ir applieation to the purposes of dsttaiiig these JxiineA, 
"' Jed to the «onsideratioa of the be&t. me%(v% oi m^xvtVx^:^ that 
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<eugine, or of Bubstitutingfor it a new invention. la the latter scheme 
he snceeeded to admiration; and many attempt^ were made to 
deprive him of this honour ; but posterity has justly awarded to 
Newcomen the merit of having invented the atmotpAerie f/eom-A^me. 
Although an ironmonger by trade, and associated with Jok» Cawley, 
a glazier of the same town, in the construction of his engine, he 
appears to have been the sole inventor, as attested by documents in 
the possession of the Royal Society, containing his correspondence 
with the celebrated Dr. Hookc, F.K.S., on the sulject. The latter 
seems to have dissuaded Mr. Newcomen from attempting to erect a 
macluno to draw water from mines on an impracticable pniiciple pro- 
posed by Br. Papin— a principle of which the fallacy has been 
exposed by him in several discourses before the society ; but he 
added these remarkable words :—*< Could he (Papin) moke a tpeed^ 
vacuum under your second piston, your work is done." From this 
remark it would appear either that the method of forming a vacuum 
imdcr a piston by the condensation of steam, previously discovered 
by Dr. Papin, was unknown to both, or that the condensation effected 
by this method was not sufficiently rapid for the purpose required. 
The next step, therefore, to effect this rapid condensation in the 
cylinder, was to apply Savery's principle of condensation, by the 
application of cold water to it, in the same manner as was done to the 
receiver. This Newcomen at once did, and thereby overcame the 
chief difficulty in the construction of his new engine. This method 
of obtaining a vacuum by the condensation of steam, whatever might 
be the shape of the vessel, was, however, the property of Captain 
S-ivery, and it had been secured to him by a patent ; consequently, 
Newcomen could not use it in his engine until a negotiation had been 
entered into between the parties. The result of tlus negotiation was 
that a new patent was obtained in 1705, in which the names of 
Saveryt Newcomen^ and Cawlep appeared as partners in the inven- 
tion. It was, nevertheless, well enough kno\vn that the only assistance 
which Savery rendered to the invention was granting permission to 
use his patent method of obtaining a vacuum, while that rendered 
by Cawley appears to have been chiefly, if not whollvt mechanical. 
Fig. 13 is a representation of the vertical section of Newcomen' s 
steam-engine, commonly called the attno9i)h€ric engine. 

The large boiler b, for generating the steam, is built in a furnace of 
brickwork. At a small height above it, is a metal cylinder c, bored 
truly — that is, of equal diameter throughout. The boiler commuui- 
<:ates with this cylinder by means of the steam-pipe s. The lower 
part of this pipe is shut by a plate, which is ground yery fiat, so as to . 
apply very accurately to the whole circumference of the orifice. This 
plate is called the regiilator or iteam-cockt and it turns horizontally 
round an axis at a, fitted at the top of the boiler, and furnished with 
a handle. A piston p is Buspendedin this cylinider c, and made air- 
tight by a packing of leather or tow, a quantity of water beine kept on 
the top for mater security. The piston-rod ^r is suspended By a 
chain, vrYaSi is fixed to th« upper extreoaity d of the arched he^d pf 
the great lever tft-voorkmg'bmm which turiis on (he€^d«^»v^« '^'^ 
is asimilfur ttnJhed head ati, onl&ie c^Oust wdi.^ *i\ xWww»^- '^^N*. 
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llie cUtem i., oCed ths nf^ion-ettlmi. From thu descend! the 
injectioii-pip« », ivhich entera the cj'liiidci thiough it< bottom, and 
terminateB in a ftmall hole ?(, or fiomelimes in a uoeeIo pierced with 
•mallet holei, diTerging frorn a centre in bU directioDB, Thii m>e 
hua cock at o, fitted with a handle, and called the i^jtelion-ctet. The 
injeotion cittern ii tilled by a pipe k, which U supplied br a utiall 
fivcing-pmnp which raiies the watei from the well filled by the 
pnmp-iod. The rod of the foicing-pimip it attached to tha same snn 
of the working-beam aa the great pump-rod u, from the injcction- 
ciitern a bdibII pipe, fuinithed with a cock, passes to the top of the 
piiton, to aupply it with water to make it air-tight. At the opposite 
■ide of the cylinder, near the bottom at t, is a lateral pipe, turning, 
upwards at the extremity, and there fitted with a clack-valve calle<l 




the tit^lhig valre, which haa a little dish round it to hold the water 
used for keeping it air-tight. From the bottom of the cylinder there 
aba proceeds a pipe a, of which the lower end is turned upwards, 
and & furoiahed with a valve v. This part ii immersed in a cistern 
ot water called the hol.wtll, the pipe itself being called the ediielion- 
j>^, I'he boiler u iutnlshed with « i^iiy-t^tt called the puppH- 
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eiacJt^ -and gauge-cocks, in the same manner as that of SaTery's 
engine. The 8aset3r-yalve is generally loaded with a weight of one or 
two pounds to the square inch, so that ic allows the steam to escape 
when its elasticity is, on an averase, only one-tenth greater than that 
of common air. Thus all risk of bursting the boiler is avoided, and 
the pressure outwards, as well as the heat, are yery moderate. 

The operation of this engine is as follows:— The water in the boiler 
haying produced a sufficient quantity of steam, as indicated by the 
emission of steam from the puppet-clack, suppose the machine to be I 
at rest, haying both the steam-cock and injection-cock shut, with the 
pump-rods preponderating, and the great piston p drawn up to the 
top of the cylinder o. Tlien, if the steam-cock at a be opened by 
turning the handle, the steam will immediately rush into the cylin- 
der, and driye out the air it contains by the snifdng-yalve ; but it 
will at first be condensed by the cold sides of the cylinder and piston, 
and the water trickling down, will escape by the eduction-pipe. Tlus 
process will continue only till the cylind^ and piston within are 
made as hot as the steam itself, when it will also begin to escape 
through the snifting-yalye. As soon as the puppet -clack begins 
again to emit a little steam, the steam-cock a is shut, and the 
injection-cock o is opened. The pressure of the water in the injection- 
pipe M immediately forces some water through the hole x, which, 
mixing with the steam in the cylinder c, begins to cendense it, and 
the snifting-yalye and eduction-yalye.are shut by the pressure of the 
atmosphere. The steam in the cylinder being nearly all condensed, 
the whole pressiire of the atmosphere will act upon the upper surface 
of the piston, without meeting any resistance from the condensed 
steam; and this pressure being greater than the load at the other end 
of the beam, it will oyercome its weight, and cause the piston p to 
descend. The pump -piston will then begin to ascend, bringing along 
with it a column of water from the mine, and this motion will con- 
tinue till the piston v reaches the bottom of the cylinder. At the 
proper instant, the injection-cock is shut, and the steam-cock is opened ; 
the steam, which has been accumulating during the time of the descent 
of the piston, now rushes into the cylinder with greater elasticity 
than that of the air ; it therefore at once blows open the snifting- 
valye, and allows the water in the cylinder, arising from injection 
and condensed steam, to descend by its own weight- through the 
eduction-pipe Q and the yalve v into the hot- well. But the piston 
also begins to ascend at the moment the steam-cock is opened ; for 
the atmospheric pressure on the upper surface of the piston is now 
counterbalanced by the pressure of the steam on its under-surface, 
and the counterweight i is heavier than the piston p. Besides raising 
the piston of the cylinder, the counterweight also causes the pump- 
pistons to return throush ^e water to their places at the bottom of 
their working-barrels, m order that they make another working- 
stroke. The effect of the counterweight is very different in the two 
motions of ascent and descent. The engine, when making a working- 
stroke, is liftine not only the column of water in the pump, but also 
the absolute weight of the pump-pistons and pumMQda.\ >s'5iJs.-^«kssa. 
the latter are descending, there la & diiDm\)L\:\Q^ Q«l^^^x«»RNCis;^^'^i» 
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counterweight by the whole weight lost by their imttkejraioa in water» 
These two motions complete the period of one operation, and \h» 
whole may be repeated by shutting the steam cock, and opening the 
iigection-cock, whenever the piston has reached the proper h^ht in 
the cylinder. 

From the preceding description of the operation of Newoomen'» 
engine, the great difference bttween it and Savery's engine, in point 
of principle, will be rendered manifest. In Sayery's engine, water 
was raised partly by the force of steam, and partly by the pressure of 
the atmosphere ; in Ncwcomcn's engine, water was raised eiUirefy by 
the pressure of the atmosphere, steam beins only employed alternately 
to create a vacuum, and to restore the equilibrium destroyed 
by that vacuum. The atmospheric pressure is, therefore, deemed 
the Prime Moter in Ncwcomen's engine, and not the elasticity of 
steam. The superiority of this new machine is immense. There is 
no need of employing steam of great and dangerous elasticity ;. 
moderate heat, and consequently much smaller quantities of fuel are 
required. The limits to the power of this machine are not the strengUi 
which can be given to boilers and cylinders to resist internal pressure,, 
but the dimensions which it may be found practicable and expedient 
to make these and other parts of the machine. Moreover, the form of 
the machine is such thatitcanbe rendered applicable to other industrial 
purposes than that of raising water, a property in which Savery's 
engine was peculiarly defective. To employ either Newcomen's or 
Savery's engine, however, in raising water to turn a common mill- 
wheel, is to convert them into rotary engines of medial effect^ and to 
create a loss of power to a very considerable extent. In general^ 
suoh engines may be dehned as those which do not immediately 

give revolution to an axis, by the action of the steam upon the wheels 
nt have a medium of communication between the power and the 
effect. A variety of this class of engines has been invented, of which 
the Fire'Wheel of Arnontoiu is a generic example^. The steam pushes 
vvater through certain channels that form the arms of the wheel, 
from a set of chambers on one side of the wheel, to a corresponding 
set of chambers on the opposite side, and thus the side filled with 
water preponderates over the other, and the wheel revolves. The 
•water being constantly driven off by the steam from a given side of 
the wheel to that opposite, uniform revolution is the result of the 
weight of the water. In this case, although s.cam is the agent, 
water is the means of communicating the rotary motion. Instead of 
water, weights, in the form of pistons, have been transferred by the 
force of steam to a considerable distance from the centre on one side 
of a wheel, and drawn nearer to it on the other side, so as, by bring- 
ing about a continual preponderance of one side, to effect a revolution. 
In this class of engines the loss of effect is obvious ; for it is necessary 
that the steam, in order to produce the circular motion, should give 
out its force in setting the medium in motion, and in overcoming 
the very great resistance of* the liquid in all the pipes, passages, and 
valves, ihroush which it is admitted to alternate sides of the wheel 
Ja every j*^y(3utJun. The loss cf effect encountered in all modes 
JUtherto adopted for applying a fluid to l\ve rotoidon. of a wheeli hes 
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in. the best examples eTer tried, exceeded, at leMt, a sixth pare of the 
power. 

Newcomcn's engine was at first in a considerably less perfect staCa 
than that which we have described ; and many aefeets and incoA- 
yonienees had to be gradually remoyed. The condennntion of stoam 
in the cylinder was at that time performed by the application of cold 
water on the outside of it, instead of in the inside, a process wkioh: 
both wasted water and unnecessarily cooled the cylinder ; also the 
greatest nicety and attention on the part of the engineer was required, 
in order to turn the steam and injection cocks at the proper instant* 
Por, if the steam were permitted to enter the cylinder for too long a 
time, the piston would be carried so high as to be blown out of iti 
place ; while on the other hand, if the steam-cock was not opened 
soon enough when the piston was descending, it would strike against 
the bottom of the cylinder with such force as to break it to pieces. 
The invention of the snifting-yalye was also a work of pure necessity, 
and one which preceded the adoption of the eduction-pipe, whos<i 
work it was at first obliged to perform. Although the patent fot 
Newcomen's engine was granted in 1703, seven years elapsed before 
the invention was reduced to a working state. The patentees, towards 
the end of the year 1711, made proposals to draw the water at Griff, 
in Warwickshire, but they were not accepted. In March 1712, how- 
ever, they made an agreement to draw water for Mr. Back of Wolver- 
hampton ; where, after many laborious attempts, they at last goC 
their engine to work. Dr. Desagulicrs, who mentions these particu- 
lars, states that " they were at a loss about the pumps, but being so 
near Birmingham, and having the assistance of so many admirable 
and ingenious workmen, they soon came to the method of making ths 
pump'Vahes, claekt^ and bucheia ; whereas they had but an imperfect 
notion of them before. One thing is very remarkable. *^AX first 
working, they were surprised to see the engine go several strokes and 
very quick together ; when after a search [for the cause], they found 
a hole in the piston, which k-i the cold water in to condense the Heam m 
the inside of the cylinder, whereas, before, they had always done it on 
the outside. They used, before, to work with a buoy in the cylinder 
inclosed in a pipe ; which buoy rose when the steam was strong, 
and opened the injection.pipe and made a stroke, whereby they were 
capable of only giving six, eight, or ten strokes in a minute, till a 
boy named Kumplircy Potter, who tended the engine, added what 
he called tcoggan [skulking apparatus], by which the beam qf Mir 
engfine ahoaye opened and shut ite own valvesi and then it would go 
(entirely without attendance) fifteen or sixteen strokes in a minute. 
But this being perplexed with catches and springs, Mr. Henry 
Beighton, in an engine he had built at Newcastle-on-Tync, in 
1718, took them all away, the beam itself supplying all mnck 
batiar/* It is true that Mr. Beighton, who was a very inge- 
nious and well-informed mechanist, simplified the whole of 
the subordinate movements of this engine, and brought it into 
the form in which it continued, without any matcricd changer 
for more than half a century. But it must be Tems»bkmcM^ 
that Newoomen gaya to tha ateam.-QTi^<^ Ikfc ^wwWc^ \»*»»^ w«i*» ^^^ 
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e^Hnder an^pUton ; that he first formed a tfocuum m ^ke ^n4ftMoi»i. 
ih€ fiMtfn; -and that he gave to the valves, elacki, 'imd hifik^tSitke 
ki^froved eouitrucHon, which rendered them suitaUe tp the preciie^ 
action of steam. He first constructed a piston with an eUutie packing 
ffhempt by which it is kept steam and air-tight as it moves up and 
down the cylinder ; and, above all, that he availed himself of the 
result of an accident, which may be termed lucky, to add the im* 
portant process oi condensing steam hy injecting coid water amongst it. 
All these inventions of Newcomen give to the modem steam-engine 
some of its most important features. 

The apparatus by which Mr. Beighton enabled the atmospheric 
engine itself to <^en and shut the valves for admitting and shutting 
off the steam, &c., and to dispense with the labour of attendance, 
was principally effected by means of a rod suspended from the beam, 
and called by him the plug-tree^ This acted upon certain levers and 
catches for working the valves, and gave to the engine the first claim 
to be considered automatic. In fact, Newcomen, Potter, and Beigh- 
ton, had rendered the atmospheric steam-engine an indepencEnt 
self-acting mechanical power, of such ^eat perfection in its principle 
of action, as well as in its minor details, that it was very generally 
introduced as a substitute for animal power in the mining districts. 
But the consequent riipid progress of mining industry soon put the 
capabilities of this engine to a severe test. The dimensions of the 
cylinders in the earlier engines varied from twelve to sixteen inches 
in diameter ; in the later engines they gradually increased to sixty 
inches in diameter. The other parts of the engines were necessarily 
increased in proportion ; and at last their construction became so 
gigantic, that it demanded all the science and practical skill of the 
engineers who flourished in the latter half of the eighteenth centuiy. 
The famous Smeaton lent his engineering experience to the p^ec- 
tion of some of the large erections which the demands fo; steam-powier 
in his time began to require. He produced machines which sur- 
passed in dimensions and efficiency all that had been previously oon- 
structed. At Long Benton colliery, near Newcastle, he erected hB 
standard engine in 1772. The diameter of its cylinder was '52 
inches, depth of stroke 7 feet, and number of strokes per minute 42« 
Its load of water was 7 tons 2 cwt. The load per square inch vvtas 
7i lbs. The consumption of coals was 17 lbs. 10 oz. per horse power 
per hour ; and the work of one bushel, or 84 lbs., of coals wias 
9,450,000 lbs. raised one foot high. The total power of the ensixxe 
was about 41 -horse power, and for every horse-power, the boiler ha4 
52 cubic feet of total space, 27} cubic feet of steam-room, and fi^ 
square feet of horizontal surface of water. The furnace had f^r 
every horse-power 3i square feet of fire-surface, 7, 5-6th square feet 
of flue-surface, and |th of a square foot of fire-grate. The total 
steam produced per minute was about 63 cubic feet per horse-power, 
of which about 30^ were used in moving the piston, 9 wasted to fill 
the extra space in the cylinder, and 23^ condensed on the surface of 
the cylinder. 

The great Chasewater engine was the most magnificent eflbrt of 
Bmeatan ja this department of engineering. It was erected in 1775 ; 

■/ . 
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iM 4M«ila an girea in hU reportt, and they tmrtmatUtAaHii: 
JndloiDut kmngeneat aod ini^ous contdrance. A r«pTeM(ntMii3B. 
akiiteh of tfaii itinotpheric engine Is giren in Fig. 14, 
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Tbe cjlindei ab it 72 incbm in diameter, and the atroke 10 feet 6 
inches. The great lever or warlung-beam of the ennne DD oonaUts' 
of twenty large ballu of Umber, the four neareat the aeoM^ Vcaa^ 
each a toot iquaie. The whoU are fiiml'j jongiaA. xnnSftuHi J^™1 
heart of oak, and bolted with iron, fantuni wv ^^E»».^^«l^■ ■y<e*»**°*' 
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niBSS* Tfa» beams ff, oil wkkh the cyliader rests^ are preaeorred ia, 
tbeir. place bT beine fixed into the aide walls of the enjgiae-house ; 
they are joggled and framed together in a manner very similar to the 
great beam, o is the boiler ; u the furnace ; ib the steam-pipe ; i 
the injection-pipe ; k the injection cistern, which is fed by a pump 
L, worked by the great lever ; and m the waste-pipe for the con- 
densed steam. Suspended from n, on the left arm of the great beam» 
is the spear or rod of the great dralning-pump, which is worked by 
the engine, pp is the plug-tree, suspended also from the great bearn^ 
and carrying plugs, whidh. in their upward and downward motion 
act on the leyers which open and shut the regulator and injection- 
cocks. The working.gear of this engine is yery simple, ingenious^ 
and well adapted for the purpose ; but the engpraving of the engine is 
on too small a scale to admit of its being seen in connection with the 
parts to which it is attached. This, however, is of less importance, 
as in modern times it has been altogether superseded. Tnis great 
engine was one of 150>horse power, and delivered 880 hogsheads, or 
48,330 imperial gallons, of water per hour, by the consumption of 
16i bushels of coal. Hence, the duty performed by this engine was 
18*500,000 lbs. raised one foot high. 

When we consider the enormous force brought into action in the 
cylinder of such an engine as the preceding, during the time that it 
is at work, the impropriety of fixing the cylinder directly oyer a 
boiler supported above a strong fire, must be evident. Howeyer 
strongly built the brickwork of the fireplace might have been, ttill 
it was subject to rapid decay from the action of the fire, and to a 
consequent derangement of the whole apparatus of the machine in its 
immediate neighbourhood. Notwithstanding the great improve- 
ments effected by Mr. Beighton, who introduced the system of tus- 
porting the cylinders between strong timbers let into the walls of ike 
building where the engine stood, so as to prevent them from resting 
altogether upon the brickwork of the boiler, yet there was so much 
powerful vibration in these machines, from their massiveness, t&at 
the furnaces were soon shaken and destroyed. The great piston, in 
its upstroke, would actually lift up the entire boiler and cylinder, 
which were strongly bolted together, as much as the springing of the 
timbers would allow, and it would depress and replace them in ^e 
downstroke ; nor could the most careful construction prevent this 
serious mconvenience. As an example, it was witnessed in tlie 
action of an atmospheric engine, one of the most perfect that was 
erected by Mr. Smeaton, at the York Buildings Water Works in 
Villiers-street, Strand, and which was pulled down in 1813, to make 
room for one of the more perfect machines of Messrs. Watt and 
Boulton. The defect thus experienced was in some cases removed, 
by resorting to the construction at first adopted by Captain Savery, 
of placing the cylinder beside the boiler, instead of over it, and bolt- 
ing it down to a solid and massive block of brickwork and masonry^ 
wliich had no connection with the furnace. This plan insured muck 
greater stability, and dispensed with the great height, and conse* 
guent Bxpenne of the enginc-hou^. The atmospheric steam-engine 
AavlDg been for ttuuif yinrs considered as perfect an engine as ih» 
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xvttore of things would admit, the attention of thoM who took an 
interest in its applications, was chiefly directed to the preTention of 
its enormous consumption of fuel. Many experiments were made on 
different forms of boilers, with a tIow to solve the question — what 
shape should be giyen to a steam-boiler in order that it may produce 
the greatest quantity of steam with the smallest quantity of fuel? 
It was very soon discoyered that the best form was that which 
exposed the greatest quantity of surface to the action of the fire, and 
did not permit its heat to pass up the chimney, until nearly the whole 
of its power had been exhausted. With this principle in view, Mr. 
Smcaton directed some of his boilers to be constructed in such a> 
manner that the ftame and smoke should pass through a complete 
labyrinth of channels ; but the great number of turnings and corners 
that were thus exposed to the action of the flre rendered them very 
liable to be destroyed, and made the construction of a boiler greatly 
more expensive, without producing aproportionably beneficial result. 
The truth was, that the radical error existed in the construction of 
the engine itself, and not in the shape of the boiler. ^ Accordingly, 
until mis error was discovered and corrected, the saving of fuel by 
other means was but a secondary consideration. 

For a period of more than half a century, the use of the atmospheric- 
engine was entirely confined to the raising of water. The progress of 
the arts and manufactures of this country demanded some essential 
improvement in its construction and application ; and sooner or later 
this would have been brought about. A civic crown, more glorious 
than those which graced the victors of the Olympic gamcR, awaited 
the mighty genius who should overcome all the practical difficulties 
which stood in the way of such an important invention. The atten- 
tion of many, though now to us unknown, was no doubt directed to 
this anticipated effort of human ingenuity. Among others, Mr. 
Keane Fitzgerald published in 1758, (Phil. Trans.) a method of con- 
verting the reciprocating motion of the engine-beam into a continued 
rotary motion, by employing ** a combination of largo toothed- wheels^ 
and of smaller ratchet-wheels, worked by teeth upon the arch or 
sector of the beam. One of these ratchet-wheels being put in motion 
by the ascent of the beam, and standing still during its descent, 
another ratchet-wheel is moved by an intervening wheel in the same 
direction as the first ; and thus, the two communicate a continued 
rotary motion to the axis on which they are placed, which is thenco 
transmitted by a large toothed- wheel to a smaller wheel or pinion, on 
the shaft of which is a fly, to accumulate momentum, and a crank 
proposed to be applied to work ventilators, and to many other useful 
purposes. The ny, by accumulating in itself the power of the machine 
during the time it was acted upon, would continue in motion, and 
urge forward the machinery whilst the steam-engine was going 
through its returning stroke. Theoretically speaking, this scheme 
of producing rotary motion is very possible and easy, provided that 
the resistance exerted by the worlung part of the machine during the 
whole period of the workin;; and returning strokes of the steam-engine, 
iiicludmg the friction of both, docs not exceed l\v5i'^\!kR5sss.^x«««». 
exerted by the engine during \ta 'wotVAa.v^Xx^^N «bA. "^isNJ^ '^^ 
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momentum of the fly, arising from its weight ard velocity be so great, 
that the resistance of the work during one returning stroke of the 
engine does not make a very sensible diminution of the velocity of the 
fly. The fly on this principle may be made of any magnitude ; and 
being exactly balanc^ round its axis, it will soon acquire any velocity 
consistent with the motion of the engine. During the working-stroke 
of the engine, it is uniformly accelerated, and by its acquired 
momentum, it produces in the beam the movement of the returning 
stroke ; but in doing this, its momentum is communicated to the 
inert matter of the engine, and consequently its velocity is diminished. 
The next working-stroke, by pressing on it anew, increases its 
remaining velocity by a quantity nearly equal to the whole acquired 
during the first stroke ; nearly only, because the time of the second 
working-stroke must be shorter tnan the first, on account of the 
velocity abready acquired. In this way, the velocity of the fly will be 
accelerated in each succeeding stroke, because the pressure of the 
engine during the working-stroke does more than restore to the fly 
the momentum which it lost in producing the returning movement of 
the engine. If, now, the workmg part of the machine be added, the 
acceleration of the fly during each working stroke will be less than 
before, because the impelling pressure is partly employed in driving 
this working part, and the fly will lose more of its momentum during 
the returning stroke on this account. From these considerations, it 
is evident that a period will arrive when the successive increase in 
the velocity of the fiy will cease ; for the continufd acceleration 
diminishes the time of the successive working-strokes, ' and conse- 
quently the time of the action of the accelerating power. This will 
happen whenever the addition made to the momentum of the fly 
dunng a working-stroke of the engine is just equal to what it loses 
by driving the working part of the macmne, and by efiecting at tiie 
same time the returning stroke of the engine. This invention must 
be acknowledged as a very important and ingenious addition to the 
steam-engine, but one requiring considerable skill and address to 
render it effective and useful. The movement of the working-mac^iine 
or mill of any kind, to which the engine may be applied, must be in 
some degree oscillatory or unequal ; but it may be rendered quite 
insensible, by making the fiy exceedinglv large, and throwing the 
greatest part of its weight into the rim of the wheel. By such means, 
its momentum may be ' made so great, that the whole of the force 
required for driving the mill and effecting the returning motion of the 
eagino, may bear a very small proportion to it. The diminution of 
its velocity will then be very small. By this contrivance, Mr. Fitz- 
gerald hoped to render the steam-engine of very extensive use ; but 
it appears never to have been carried into actual practice. It has, in 
fact, been superseded by later invontions constructed on a BunUar 
principle, but of a simpler kind. 



CHAPTER IV. 



PROGRESS OF THE STEAM-ENGINE, FROM THE ERA. OF WXTT,. 
TO THE END OF THE EIGHTEENTH CENTURY. 

DuRiy o the latter half of the eighteenth centunr, a galaxy of illufr- , 
trious men appeared in Britain, who shed a lustre on the arts and 
sciences of thu country which has not yet been surpassed. The Vni- 
Tersity of Glasgow possessed the lion's share of the ecldi which arose - 
from the important discoTeries of that period. Dr, Robert Sinuont its- 
Professor 01 Mathematics, had restored the ancient Geometry to its 
pristine accuracy and elegance, and descended into the vale of years 
one of its brightest ornaments. Dr» Matthew Stewart, his pupil, had 
applied that geometry to the solution of problems which belonged to 
the new CalculuSt and had been transferred to the University of Edin- 
burgh, as the successor of the celebrated Maelaurin, Dr, Jame^ 
Mooret its Professor of Greek, had rescued the ridiest language of 
antiquity from the jargon of the schools, and still shone as an orna- 
ment of the imiyersity. Dr, Adam Smith, its Professor of Moral Phi- 
losophy, had founded his new theory of moral sentiments, and 
established the true principles of the ** wealth of nations." Dr, 
Black, its lecturer on Chemistry — afterwards transferred to the Uni- 
versity of Edinburgh, as professor of the same science — had dlBOOTered 
the important principle of latent heat, Dr, John Robison, his pupil, 
and afterwards Professor of Natural Philosophy in the Metropolitan 
University, was the friend and companion of Watt ; and James Watt 
himself was then mathematical instrument maker to the University of 
Glasgow, He was born at Greenock, the port of Glasgow, in 1735, 
aiid came to the latter city, at the a^e of twenty-one, as a common 
working mechanic and optician. His acquaintance with Dr. Kobison 
began in 1756, when the latter was Beventeen years of age; and be- 
tween that period and 1758, his attention was turned to the subject 
of the steam-engine by his friend, who suggested that it might be- 
applied to giving motion to wheel carriages, and that, for that pur- . 
pose, it would be most convenient to place the cylind^ with its open 
end downwards, t6 avoid the necessity of using a working beam. In 
consequence of this suggestion, he began a model with two cylinders 
of tin-plate, to act alternately, by means of other mechanism, on two- 
pinions attached to the axles of the wheels of the carriage. But the- 
model did not answer his expectation. Robison having V&^^2c^^^c^ 
versity, Watt continued, from time to ^xii^^\»xMj&fc^^!yw2»R^^'»2^«*^ 
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menta on steam. In 1761, he tried some e:&pcrimcnts of this nature 
in a Papin's digester, and formed a kind of steam-engine by fixing 
upon it a syringe one-third of an inch in diameter, furnished with a 
solid piston, a cock to admit or exclude the steam from the digester 
at pleasure, and another to open a communication with the interior of 
the syringe and the open air, so that the steam in it might be allowed 
to escape when required. When the communication between the 
digester and the syringe was opened, the steam entered the syringe, 
and, by its action upon the piston, raised a considerable weight 
(15 lbs.), with which it was loaded. When this was raised to a 
certain height, the communication with the digester was shut, and 
that with t^e atmosphere was opened ; the steam then escaped, and 
the weight descended. He repeated these operations, and inferred 
that they might be made, by the machine itself, to work with perfect 
regularity. Mr. Watt aoon relinquished the idea of constructing an 
engine on this principle, from the consideration that it would be 
Uable to some of the objections that attended the use of Savery's 
engine — namely, the danger of bursting the boiler, the difficulty of 
m&ing the joints tight, and the loss of a great part of the force of 
the steam, because no vacuum was formed to effect the descent of the 
piston. 

His attention was withdrawn from the subject till 1763, when it 
was revived bv the circumstance of a model of Newcomen*s engine 
being sent to him to be repaired from the cabinet of the natural phi- 
losophy class of the university. Mr. Watt confesses that, at this 
period, he had read and studied the works of Desaguliers and 
belidor (already referred to in the previous chapter). From these, no 
doubt, he woiUd learn what had been done by Dr. Papin, Ctqptain 
Savery, and Mr. Newcomen. He set about repairing the modcd as a 
mere mechanic ; and when it was repaired and put in operation, he 
was surprised to find that the boiler belonging to it could not furnish 
a sufficient supply of steam, although apparently large enough for 
this purpose, for the cylinder of the model was only two inches in 
diameter, and six inches stroke, while the boiler was about nine 
inches in diameter. By blowing the fire, the machine was made to 
effect a few strokes ; but it required an enormous quantity of in- 
jection water, although it was very lightly loaded with the ccuumn of 
water in the pump. It soon occurred to rum that this was caused by 
the fact that the cylinders of small engines expose a greater surface 
to the condensation of their steam than the cylinders of huge engines 
do, in proportion to their capacity. He seems to have been well 
aware of the mathematical principles, that solids are to one another as 
the cubes of their dimensions, but that their surfaces are to one 
another only as the squares of their dimensions. He found, by 
shortening the column of water in the pump, the boiler could be 
made to supply the cylinder with steam, and that the machine would 
work regularly with a moderate quantity of injeotion-water. He idso 
found that the cylinder of the model, being made of brass, conducted 
heat much betto* than the cast-iron oylinders of large engines, which 
nwfS'ejieraJljr covered on the inside with a stony crust, and that 
considerable advantSLgQ would be gained "by maVVn^Wv^ cxlvsvders of 
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«ome flttbfltanee, that would recciTe and give out heat slowly. Wood 
seemed most lUiely to answer this purpose, provided it were found 
sufficiently durable. Accordingly, he made a small engine, of six 
inches diameter and twelve inches stroke, of wood, soaked in linseed- 
oU, and baked to dryness. With this engine he made many experi- 
ments ; but he soon found that the wooden cylinder would not prove 
durable enough, and that the steam condensed in filling it, still ex- 
ceeded the proportion of that required for large cylinders, according 
to the statements concerning them, given by Dr. Desaguliers. He 
found, also, that all attempts to produce a better state of exhaustion, 
by throwing in more injection-water, occasioned a disproportionate 
waste of the steam. Meditating on the cause of this, he attributed it 
to die fact, that water boiled m vacuo at low heats (100 deg. Fahren- 
heit), a discovery made by Dr. Cuiien, the predecessor of Dr. Black, in 
tlie University of Glasgow ; and he naturally inferred that, at 
greater heats, the water in the cylinder would produce a vapour, 
which would partially resist the pressure of. the atmosphere. We 
now know that the vapour of water, at 180 degrees, is equal to 
half the pressure of the atmosphere. 

Mr. Watt proceeded to make experiments on the degrees of heat 
{kt which water boils, under several pressures, grtaitr than that of the 
atmosphere, and found that, when the degrees increased in an arith- 
metical, the elasticities increased in some geometrical ratio. He then 
drew a curve, which represented the relation of these ratios, by 
making the numbers representing the degrees and the elasticities, the 
ordinates and the abscissae, of that curve. He also found that an 
approach to a vacuum could only be obtained by throwing large 
quantities of injection-water into the cylinder, which cooled it so 
much as to require quantities of steam to heat it again, considerably 
out of proportion to the force gained by the more perfect yacuum thus 
obtained, and that the older engineers had acted wisely in confining 
the load on the engine to about six or seven pounds on each square 
inch of the piston. It may be proper here to state that experiments 
have been made on a very large scale to determine the law of the in- 
crease of the elasticity of steam according to the temperature, but 
that no general rule or formula has yet been elicited, which will cor- 
respond exactly with the result of the most careful experiments. 
When steam, by continual accessions of heat, acquires an elastic force 
-capable of supporting a column of sixty inchea of mercury, or iwiee 
the height of the barometric column, it is tlien said to possess a force 
of two atmospheres. When it can support a column of ninety inches 
of mercury, or twice the height of the' Barometric column, it is said to 
possess a force of three atmospheres, and so on, in proportion to the 
height of the columii of mercury which it can support. By the ex- 
periments of Taylor, the force of steam was determined as far as 180 
mchcs of mercury, or a pressure equivalent to sis atmospheres. 
Beyond this point, the determination of the foree of steam is due to the 
labours of MM. JhUong and Araop, the chief members of a commitee 
appointed to investigate the subject by the AA^Afcxscj ^ '?S«itfst«.'«. "-vc^ 
1829. The temperatures and coneBpoTv^Vxk^ ^\«ws«xft% '^^^'^'^^^I^ifc 
mined experimentally as fu m twenty -lows ^Xtrsw^wsw^i «s^^ 
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they were extended up to fifty atmospheres, by calculation, aecording 
to a formula empirically ascertained by these philosophers. This 
formula, when ezpressea in the words of a rule, is the fiollowiaff, 
which is giTen for the benefit of the practical reader. The table, cnl- 
ciliated up to fifty atmospheres, and including the results of the ex- 
periments aboTO-mentioned, wUl be placed at the end of the hook. 
To find the elastieity qf tteam at very high temperatures :— Jtule. 5tid- 
tract 212 degrees from the given temperature, multiptg the remainder 
by the decimal .003974, and add 1 to the product f then raise the sum to 
the fifth power, and it will give the elastic force required in atmo^eres. 
11 the pressure be required in inches of mercury, it will be sufficient 
to miuUply the last result by 30 to obtain the answer. 

As Br. Besaguliers had related some experiments made by Bfr. 
Beighton on the consumption of steam by an atmospheric engine, 
which led to erroneous conclusions on the expansion of steam, 
and particularly that it was 14,000 times rarer than water, Mr. Watt 
made the follo'Viing .experiments, with a view to determine the 
amount of its expansion as compared with the water from which it 
was generated. He took a rlorencc flask, capable of containing 
about a pound of water, put about an ounce of distilled water into 
it, fitted a glass tube into its mouth, and made the joining tight wi^ 
pack-thread and putty. He placed the flask upright, with the tube 
reaching within nearly to the surface of the water, and placed the 
whole in a tin reflecting-oyen, before a fire, until the water had 
slowly and wholly evaporised at a heat rather abote boiling water. 
As the air in the flask was heayicr than the steam, the latter ascended 
to the top, and expelled the air through the tube. When the water 
was all vaporised, which took place in an hour, the oven and flask 
were withdrawn from the fire, and a blast of cold air was directed 
against one side of the flask, to collect the condensed steam into one 
place. When the whole was cold, the tube and its flttings were re- 
moved, and the flask and its contents were we^hed with care ; the 
flask was then made hot, and dried by blowing into it with a pair of 
bellows ; it was again weighed, and found to have lost rather more 
than four grains, or about four and one-third grains, which was, of 
course, the weight of the condensed steam. When the flask was 
filled with water, it was found to weigh about seventeen and one- 
tighth ounces avoirdupois ; this gave, as Mr. Watt says, ** about 1800 
times for the expansion of water converted into steam of the heat of 
boiling water." The exact calculation of this experiment is the fol* 
lowing :— the densities of different bodies being proportimial to the 
weights of equal qtuantities of these bodies, we nave the density of 
steam : the density of water : : 4| grains : 17i ounces, or, as 
104 : 359625 ; this being reduced, gives the ratio as 1 : 1728 very 
nearly ; whence, as has been often said, a cubic inch of water can be 
converted into a cubic foot of steam, and its elastieity will stiil be such «f 
to resist the pressure qf the atmosphere, Mr. Watt repeated the pre- 
ceding experiment with nearly the same result* 
In order to ascertain whether the flask had been wholly fiUed with 
steam in these experiments, Mr. Watt, at the SMgceatlon of Dv. Blaok* 
mttA whom also ho had formed an intlm&ey aX uie '\tfv\^«t%\X:^^'t«.\i^ 
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rised a similar quantity of water, a third time ; and while the flask 
was in its cool state, it was InTerted, and placed, without remoTiof 
the tube, wiUi its mouth immecsed in a vessel of cold water ; the 
water immediately began to rise in the flask, and continued to do so 
until the tempecature of the whole was the same as that of the atmo- 
sphere, when the flask was found to be filled with water to within a 
very small quantity. 

Fiff. 15. ^ repeating the same experiment 

^ at a later date, Mr. Watt simplified 

the apparatus by omitting the tube» 
and lajing the flask on, its side in 
the OTen, as in Fia. 15, partly closing 
its mouth by a con. having a notch on 
one side; he then conducted the rest 
watt's apparatus. of the experiment as before. As he 

had not a very sensible scale-beam 
at command whilst conducting these experiments, he did not 
consider them extremely accurate, and m'as inclined to think tke 
expansion of steam somewhat greater than that given by the 
preceding computation. In this, however, he was slightly mis- 
taken, and the rule above derived from Ms own experiments may 
be considered as sufficiently accurate for all practical purposes. 
Bxperiments were made in FVance, by Gay-Lussac, and others, 
to determine the expansion of steam, and it has been found 
that the density of water is to that of steam, as 1683 to 1, by one 
experimenter; and as 1696 to 1, by another; being[ somewhat less 
than the ratio above determincMl by Watt. Takmg the ratb of 
1700 to 1, as nearly a mean between the smaller of these ratios and 
that of Watt, this may be considered as the result which is nearest to 
the truth. 

Mr. Watt, in continuing his experiments on the steam* engine, 
constructed a boiler which showed by inspection the quantity of 
water vi^rised in any given time, and he thereby ascertained the 
quantity of steam used at every stroke of the cylinder ; this he found 
to be several times the full of the cylinder for each stroke. Sur- 
prised at the quantity of water required for ii\jection, and the great 
neat which it acquired from the small quantity in the form of steam 
which was used m filling the cylinder, he thought he had committed 
an oversight, and endeavoured to rectify it by the following experi- 
ment. Me took a tube bent at right angles, and inserted one end of 
it horizontally in the spout of a tea-kettle ; he then immersed the 
other end vertically in cold spring water contained in a cylindric 
gdass vessel ; steam was now permitted to pass through the tube into 
uie vessel, until its condensation ceased by the water in the cylindric 
vessel becoming nearly boiling hot. The water in this vess^^ was then 
Ibund to have gained an addition of about one-sixth part from the 
condensed steam. He aocordingly inferred that water converted into 
steam can heat about six times its own weight of water to 212 dejg(s. 
Fahrenheit, or till it can condense no more steam. Struck with this 
remaikable foot, he related tiie circumstances to lus friend Dr«BUfik^ 
who then explained to him the doctna^ oil IiaLten\'E«a\^^'i^BA!^'\&''c>:^' 
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discoTered and taught for some time preTious to the date of this 
experiment, the summer of 1764. Thus Mr. Watt, unknown to 
lumself, had discovered one of the most convincing facte by which 
that beautiful theory is demonstrated. 

The method by which Dr. Black ascertained the quantity of latent 
heat absorbed by water in its conversion into steam, may be here 
mentioned. If a given weight of water be exposed to a regular 
source of heat, and the time required to raise it &om a given tem- 
perature, say 50 degs., to its boiling point, be observed, the rate at 
which it receives heat per minute, may be computed. If the time be 
noted which elapses from the commencement of the ebullition to the 
entire disappearance of the water ; and, if it be assumed that in each 
minute the same quantity of heat was communicated to the boiling 
water as was imparted before ebullition commenced, the quantity of 
the heat carried off by the steam may easily be calculated. Some 
water placed in a tin vessel on a red hot iron, was observed to rise 
from 50 deg. to 212 deg. in four minutes, being at the rate of 40| deg» 
per minute. The same water boiled off into steam in twenty minutes ; 
now if it received during each of these twenty minutes 40 ^ deg. of 
steam, it must have carried off as much heat in the form of steam as 
would be sufficient to raise water through twenty times 40^ deg., that 
is, 810 deg. Again, if water submitted to pressure be raised to the 
temperature of 400 deg. and the mouth of the vessel which contains 
it be suddenly opened, about one- fifth of the whole quantity of water 
will escape in the form of steam, and the temperature of the remainder 
will fall suddenly to 212 deg. Thus, the whole mass of water has 
suddenly lost 188 deg. of temperature, which is all carried off by one- 
fifth of tlie mass in the form of steam. The heat, therefore, which 
has become latent in the steam will be determined by multiplying 188 
deg. by 5, which gives 940 deg. The steam is thus composed of 
water and of 940 deg. of heat, the presence of which is not indicated 
by the thermometer. The experiment of Watt, above-mentioned, 
appears to us a more accurate experiment for the determination of 
the latent heat of steam. For assuming the temperature of the spring 
w^ter in his cylindrical vessel to be 50 deg. which it generally is in 
the climate of Glasgow, it is evident that six times its own weight of 
water-had been raised from 50 deg. to 212 deg., or tlirough 162 de^. 
of temperature. Accordingly, six times this quantity, or 972 deg. is 
the heat absorbed by raising any given quantity of water from the 
temperature of 50 deg. to that of 212 deg. Tliis result is hiffher than 
that obtained by Dr. Black, and corresponds more closely wifli various 
OMerimcnts made by Watt himself, and others. 

In consequence of these new and striking experiments on steam, 
Mr. Watt began to consider how he could make the best use of his 
discoveries in their application to the steam-enffine. He saw /irstf 
that the cylinder should always be kept, if possible, in as hot a state 
as the steam which entered it ; and secondly, that when the steam was 
condensed, the water both of condensation and Injection should be 
cooled down to 100 deg. or lower, if it could be done. He did not at 
once perceive how these objects could be effected ; but in the beg^- 
m'ng^ of 1765, the thought occurred to him, that {fa commiinieaHon 
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were opened between a cylinder coniaimng steam, and another vessel 
which was exhausted of air and other Jiuids, the steam, being an elastic 
fiaid^ would immediately rush into the empty vessel, and continue to do so 
until it had established an equilibrium m both vessels ; and farther, that 
if the empty vessel were kept ai a very low temperature, by injection^ 
water or otherwise, more steam would enter into it until the whole con- 
tents of the cylinder were condensed. Admirable Discotbry ! Thus 
was accompUshed, by a single thought, that which had been considered 
impossible by all x»reTious engineers, namely, the production of a 
vacuum without cooling the cylinder. The next inquiry was, that 
supposing both the -vessels to be exhausted, or nearly so, how were 
the injection-water, the air that might enter wiUi it, and the con- 
densed steam, to be extracted from them ? Two methods sug<;csted 
themselves to his mind ; /irst, to adapt to the second yessel, which 
ma}' now be called the condenser, a pipe reaching downwards more 
than 34 feet, by which the water might descend, seeing that a column 
of this length would OTerbalance the atmosphere, and then to extract 
the air by means of an air-pump ; secondly, to employ a pump or 
pumps to extract both the air and the water, which might be appli- 
cable in all places, and positively essential in those engines where 
there was no well or pit. He preferred the latter method, of course, 
and it was the only one which he afterwards continued to employ. 

Mr. Watt found that other improvements on the atmospheric engine 
would be necessary in order to render the preceding discoveries 
available. In Newcomen's engine the piston is kept air and steam- 
tight by the water applied on the top of it. Now, if any of this water 
entered into a partially exhausted and hot steam-cylinder, it would 
boil, and prevent the production of a vacuimi ; it would also cool the 
cylinder by it« evaporation during the descent of the piston. He 
proposed to remedy this defect by employing wax, tallow, or grease, 
to lubricate, and keep the piston air-tight. It next occurred to him 
that, the mouth of the cylinder being open, the air which acted on the 
piston would cool the cylinder, and condense some steam on its re- 
admission to this vessel. He therefore proposed to put an air-tight 
cover upon the cylinder, with a hole and stuffing-box for the piston- 
rod to slide through in its vertical motion, and then to admit steam 
above the piston to act upon it instead of the atmosphere. BcArTiFUL 
iN\'ENTiox ! — ^remarkable step in the progress of improvement ! 
Half of the grand work to be effected was now done. Mr, "Watt con- 
sidered that there still remained another source of the destruction of 
steam, and consequently of its valuable effects, now rendered doubly 
valuable. This -was the cooling of the cylinder itself by the external 
air, which produced a partial condensation within, whenever the 
steam entered it, and which would be repeated at every stroke. This 
he proposed to remedy by an external cylinder containing steam, 
surrounded by another of wood, or of some other substance which 
was a slow conductor of heat. By this second grand improvement of 
the substitution of steam for the atmosphere as the prhne-mover, the 
engine became really uid truly a steam-engine ; and, while the power 
of the mechanism remained the same, the expense of fuelos. y(%&^^^ 
steam was reduced to nearly a Ooiii oi \\» iQ>TSftKt ^sassva*.. "^ics^^^ss* 
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of ralves that sufier any body to go round the channel in one direction 
only ; in these steam- vessels arc placed weights, so fitted to them a» 
entirely to fill up a part or portion of their channels, yet rendered 
capable of moying freely in them by the means hereinafter mentioned 
or specified. When the steam is admitted in these engines, between 
the weights and the yalyes, it acts equally on both, so as to raise the 
weight to one side of the wheel, and, by the reaction on the valyes,. 
successively to give a circular motion to the wheel, the valves open- 
ing in the direction in which the weights are pressed, but not in the 
contrary ; as the steam- vessel moves roimd, it is supplied with steam 
from the boiler, and that which has performed its omce may either be 
discharged by means of condensers, or into the open air. 

" Sixthly. I intend in some cases to apply a degree of cold, not 
capable of reducing the steam to water, but of contracting it consider- 
ably, BO that the engines shall be worked by the alternate expansion 
and contraction of the steam. 

** Lastly. Instead of using water to render the piston or other parts 
of the engines air and steam-tight, I employ oils, wax, resinous 
bodies, fat of animals, quicksilver, and other metals in their fluid 
state. 

** And the said James Watt, by a memorandum added to the said 
specification, declared that he did not intend that anything in tii& 
fourth article should be understood to extend to any engine where 
the water to be raised enters the steam-vessel itself, or any vessel bav- 
ins an open conmiunication with it." 

f'rom the preceding account of Mr. Watt's first inventions and 
improvements relating to the steam-engine, it will be seen that this- 
machine consisted of uie boiler and steam-cylinder in nearly the same 
form as they were used by Newcomen and Beighton, excepting that 
the cylinder was surrounded with a jacket of wood to keep it hot, 
and the snifting-valve and eduction-pipe were replaced by the air- 
pump and condenser. In Fig. 16, the principal members of Mr. 
Watt's Single'actvng Engine — ^viz., the cyUnder and the condenser, 
with their appendages, are represented in vertical and medial sec- 
tion. All the parts common to this engine and the atmospheric- 
engine are omitted, for the sake of simplicity in explanation. By 
conceiving the piston-rod B, the plug-frame rod o, and the air-pump 
rod A, attached to the right arm of the work^g-beam of the engine ; 
and, the rods of the draining-pump and force-pump, with the counter- 
weight, attached to the left arm of the working-beam, a complete 
idea will be formed of the whole. 

In Fig, 16, c is the steam-cylinder; p the piston; and o d the 
plug-frame or valve-box, with its steam and eduction- valves. The 
cylinder has a close air-tight top furnished with a stuffing-box for 
the piston-rod b, of the piston f, to work through in an air-tight 
manner ; and for this purpose, it must be well turned and polished, 
and truly cylindrical. The upper end of the piston-rod b is con- 
nected witli the engine-beam as above mentioned ; and by means of 
the counter -weight at the opposite end of the beam, the piston is 
jnowed. to the top of the cylinder whenever the pipes communicating 
^^JtA it are all open, a ia the pipe which brin^ the steam firom the 
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boiler, and deliven it through the pewBga r, into the upper pert ut' 
the cjtindsT c, abOTC Ihs piittm ; Um Mine pipC| alio, by Ite con- 
tiniutioD at ■, cameath* ■team througli the paisaget, into theloirer 
port of the cylinder ; and d ia the ednctioii'pipa which Uadi down 
to the condsusei b. The TalTM a, t, e, all open upward), b^ meana 
of the plng-trn or Talve-Tod o d, which opens or claee* certain parte 




of the iteam-pipe a t, or the eductian~pipe d, when neceseary. The 
Talvea a aad e are to connected that they both move upwards and 
downwanli at the iame time, but the Talve b moreB independently of 
both. If, now, we conceive the piston r to be at the top of the 
cylinder, and the yalve c to be open, while the valTC b it shut, steam 
will ruth in end «Lter thigugh the passage r, at the top of the cylinder, 
and push down tiu plstonr inthe direction. iii^<:a!^^ 'Oae <at.>;i« v 
while «U the air coaMoed in tte lower tik\. <A ■&» irfia&sn '^^^ 
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csoape through the passa^ v, and the yalye a, into the oondenser b, 
to be drawn off by the air-pump a. When the piston p has reached 
the bottom of the cylinder, the yalTe e will be shut, to prevent the 
entrance (d any more steam into the cylinder ; and the shutting of 
the yalve c will also effect the shutting of the yalye a, as formerly 
observed. Immediately after the yalves e and a are shut, the valve 
b will be opened, when there will be a free communication between 
the upper and lower parts of the cylinder, that is, above and below the 
piston F, through the pipe e, and the passages p andv ; therdbre, by 
the mere effect of the counter-weight on the pump-rod, the piston p 
will be drawn to the upper part of the cylinder ; when aU the steam 
that filled that part will be driven through the open valve b and the 
pi^ B, to the lower part of the cylmder ; thus jproducing an equili- 
bnum above and below the piston p, by which it is permitted to 
ascend, although every part of the cylinder is now completely full 
of steam. 

The piston p having arrived at the top of its stroke, the valve b 
wiU be shut, and the valves c and a will be opened. By the valve a, 
mn immediate communication is made with tne condenser b, and all 
the steam already in the lower part of the cylinder c will be instantly 
condensed, and a vacuum created under the piston ; at the same 
time, a new charge of steam will enter the upper part of the cylinder 
as before, to force the piston downwards, which it does with greater 
ease than at first, because the condenser has now produced a vacuum 
in the lower part of the cvlinder ; and if the steam-gauge of the boiler 
stand but at 4 inches, which is a very common height in working this 
description of engine, the steam wiU operate at the rate of 4 lbs. 
more on the piston than . the atmosphere would do in an open 
cylinder, and will consequently produce more work. The piston is 
carried up again by the force of the counter- weight, as soon as the 
valves a and e are shut, and b opened; thus by maintaining a con- 
stant supply of steam in the boiler, and working the valves in regular 
succession as just described, the motion of uxe machine may be 
continued for any required length of time. 

The condenser, b, is a cylindrie vessd placed below the steam« 
cylinder c, at any convenient distance, in a large cistern called the 
cold'toater eutem, which is supplied with water from a well, and is 
worked by the engine-beam, like the air-pump, a, the air-pump, ia 
also placcKl in the cold-water cistern, but without any internal com- 
munication with tJie water it contains. This pump is of the common 
lift construction, except that its valves, as at p, which open as it de- 
scends, are made of metal on account of the neat of the water. It is 
connected by a suction-pipe Bnd/oot'Valve, o, with the bottom of the 
condenser, b, in order to draw off all the air and water it contains ; 
and this water, being in a hot state when forced up through the valve 
p by the descent of the piston, is delivered into tne small cistern, k, 
called the hot-water eistemt through the valve a. To increase the 
power of condensation in the condenser, b, it is furnished with a cock, 
called the tn^ection-eQch^ for admitting a small stream of water into 
the interior of the condenaet in such a manner as to meet the steam 
before it reaches the bottom ; by thii mevna ^^ «mdi«0Aa.tion is 
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fendered oonaiderably more rapid and effectual. This cock is turned 
or opened by a long spindle fitted on it, which passes upwards 
through the floor of the engine-house^ and terminates in a nandle 
or leyer, which acts as an index* and moyes oyer a small graduated 
brass circle, to show to what de^ee the cock is opened, or ndien it is 
dosed ; for, as the condenser is in a state of vacuum when the engine 
is working, a yery small turn of the cock will produce a great differ- 
ence in tne quantity of water discharged into that yessel. The 
value of this apparatus is so great in some steam-boat engines, that 
the condensation haa been wholly effected by the injection water sup- 
plied without a cistern ; because, owing to the motion of the sea, it 
was found impossible to maintain the water in the cold water cistern 
at the proper neight. The vacuum in the condenser b is produced 
jointly by the condensation of steam and the action of the air-pump 
A ; and as it is important to obtain this vacuum as perfect as possible, 
so it becomes necessary to have some means of judging of its state, 
and ascertaining whether the air-pump is in proper^ repair, and doing 
its duty. This is done by means of the barometer, which is a smaU 
air-tight iron tube, proceeding from the upper part of the condenser, 
and terminating in a glass tube of 32 inches long, fixed against the 
wall of the engine-house or the pillar of the engine-frame, and filled 
with quicksilver. The lower or iron part of tms tube may be made 
of an indefinite length, but its upper part, to contain the quicksilver, 
is bent into the form of the eyphon-gauge of the air-pump. 

The condenser is also furnished with an apparatus called the hlow^ 
valve, represented at h, which is onljr necessary at first startine the 
engine. It consists merelv of a conical valve, opening outwards at 
the end of a pipe leading irom the interior of the condenser, at the 
bottom, and placed in a small detached cistern of cold water. The 
use of this valve is to produce the first vacuum before the engine 
begins to move; for wnile the grease in the piston-packing and 
atuffing-boxes of the air-pump, condenser, &c., is cold, there is much 
more motion to overcome than afterwards ; and if steam were merely 
applied on one side of the piston before a vacuum had been produced 
on the other, it would be almost impossible to put the engine in 
motion. In order, therefore, to start the engine, the injection-cock of 
the condenser must be shut, and all the other valves opened at once, 
a process always provided for in the mechanism of the valves. This 
bemg done, and the steam admitted, it will pass not only into the 
cylinder above the piston, but also below it, and into the condenser 
at the same time. This must be continued until all the parts in 
question get sufficiently heated to put them in a proper state for 
working. The superfluous steam, as these parts become hot, wQl 
pass ofl^ and escape through the blow-valve, which is lifted by the 
force of tke steam. This valve is placed under cold water in the 
oi»tem H, that it may be condensed as it escapes, and not fill the 
«ngine-house with steam. This process is called blowing through the 
•engine, and is the cause of the loud noise experienced in the starting 
of large engines. As soon as the engine is thus properly heated, the 
side-pipe valve^ which permitted the steam to u«A%v&x<c^^2^<^ ^^^^ksstoKx^ 
jnust be olosed, and the n^ec^on-cocV o^xsLW^Xarj ^Nxassi%^^.O^ss»S2ia^ 
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when a yacuum will be ixistantly formed ia the condenser, on the side 
of the piston opposite to that where the steam is still permitted to 
act. The piston will now begin to move, and, after one or two 
strokes, erery part of the engine will become properly heated, and 
continue its motion. The blow-valve d^es not afterwards interfere 
with the operation of the engine, being kept constantly shut by the 
atmospheric pressure. Although the steam in this engine has a 
' double office to perform— namely, that of producing the vacuum, and 
that of forcing down the piston — ^yet no more steam is used than was 
reqiured by the atmospheric engine ; for all the time that the piston 
', is moving upwards the boiler is closed, and no steam escapes from it, 
; while the quantity required for the down-stroke is no more than 
i. what was formerly required to produce the vacuum, and permit the 
piston to ascend, while the saving effected by always keeping the 
cylinder at one uniform temperature, and preventing the waste that 
used to take in the former engine, rendered it a valuable desideratum 
for mining and hydraulic purposes. The large engines erected be- 
tween twenty and thirty years ago in the neighbourhood of London, 
at the New lUver, Chelsea, Tork-buildings, West Middlesex, and 
Grand Jimction Water Works were all constructed on this principle ; 
and most of them had two engines, with cylinders of 54 inches in 
diameter, and length of stroke eight feet. 

It is curious now to look back on the slow progress of the human 
mind in arriving at one of the noblest of its inventions. All attempts 
at the construction of a steam-engme mthotit a piston were either 
unavailing or very incomplete. JBvery engine to be effective and 
useful, must consist of three principal parts, a boiler, a cylinder with 
itspiston, and a condenser. In JDr. Papin's original project, these three 
parts were combined in one vessel alone — the cylinder with its piston, 
which contained the water and generated the steam, and thus supplied 
the place of a boiler, and which also acted as a condenser, being cooled 
by removing the fire. In Kewcomen's atmospheric engine, the three 
parts were extended to two vessels, so that the one, the cylinder with 
its piston, was employed also as a condenser, being cooled by injection, 
and the other was a boiler alone, connected with the former by means 
of a pipe. In Mr, Watt's steam-engine tiie three parts were distinct 
and separate vessels, but connected by means of pipes ; first, ths 
boiler", second, the cylinder and piston s and third, the cmdenser, ^ere 
the utilitv of the great principle, the division of labour, was manifest 
even in the application of inert matter to the industrial purposes of 
mankind. Hence, as Mr. J. Scott KusseU observes, ** Papm's scheme 
was possible, but not practicable ; Newcomen's engine was practicable, 
but wasteful ; Watt s engine is practical, econossdcal, and complete 
both in theory and practice ; as it renders available all the power of 
heat which the steam contains.'' 

In the atmospheric engine, when working with a load inferior to the 

whole power of the steam, the force was regulated in order to prevent 

shocks which might be injurious to the machine, by lessenmg the 

cudntity of injection- water, or bv shutting the injection-cock sooner 

dtaa when working with a full load, Mr. Watt's single acting 

eogine might in some degree be regulated in lYie &«m<d tCkftSJ^et \ \sv\x 
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it was done more effectually and economically, fintj by limitiDg 
the opening of the Tegulating-Talve which admits the steam 
above the piston, and allowmg it to remain at the same opening 
during the whole length of the stroke ; secondly, by allow- 
ing this valve to open fufly at first, and then shutting it altogether 
when the piston had descended only part of its stroke ; or lattfyf by 
employing a throttle-valve, which acting in the same manner as the 
flood-gate of a mill, admits no more steam than what is requisite to 
produce the desired power. The second of these methods of regu- 
lating the power of the engine forms the basis of what is called the 
expansive engine of Watt, which renders avulable the greater part of 
the force with which the steam would rush into empty space, were 
the piston acted on by the whole of that force, from the bottom to 
the top of the stroke, through the whole length of the cylinder. This 
principle, which first occuxred to the inventor in 1769, was adopted in 
an engine at the manufactory in Soho, and in some other places, 
about the year 1776. It was also adopted at Shadwell water- 
works in 1778, and was afterwards particularly described in his spe- 
cification of a patent for several new improvements on steam-engines 
in 1782. In engines of this construction the steam-valve is alwavs 
allowed to open fully, as has been remarked ; but the pins of the 
plug-frame are so regulated that the steam-valve shall shut the 
moment that the piston has descended a certain portion of the stroke 
— suppose one-fourth, one-third, or one-half of the whole length of 
the cylinder. As far as either of these limits, the cylinder was occu- 
pied by steam as elastic as conmxon air ; but ^lis steam, in continuing 
to press the piston farther do-vm, would necessarily expand, and its 
elasticity would accordingly diminish ; and this could be done ta 
any required extent, as the adjustment can be varied to suit the case 
by shifting the plug-pins, or altering the mechanism which opens 
and shuts the valves. But as the pressure on the piston is now con- 
tinually changing, so is the accelerating force. Its motion, therefore, 
will no longer be continually accelerated ; it will approach much 
faster to a uniform force ; in fact, it may be retarded, because, 
although the pressure on the piston at the beginning of the stroke 
may exceed the resistance of the load, yet when the piston is near the 
bottom the resistance may exceed the pressure. Whatever may be 
the law by which the pressure on the piston varies, an ingenious 
mechanic may contrive the connecting machinery in such a way,, 
that the chains or rods at the outer end of the beam shall continually 
exert the same pressure, or shall vary their pressure according to any 
law he finds most convenient. It is in this manner that a watch- 
maker, by the form of the fuzee, produces an equal pressure on the 
wheelwork of a watch by means of a very imequiu action on the 
main-spring. In like manner, by making the outer arch-heads of the 
beam such that their sections will represent portions of a proper 
spiral form, instead of a circle, the force of the beam can be regulated at 
pleasure. Thus it is plain howmuch more manageable the single acting 
expansive engine can be made than the atmospheric engine, and how 
much more easily its power in various positions caxv-Vi^ Ssc^^'eJcvs^M^ 
Without this knowledge no notipn wo\]2L<i\i^ to:tMi^ ^'l nr^^%. *v^^ 
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former could perform, and this diiscovery may be deemed one of the 
greatest importance in the theory of the engine. 

It will be proper, at this point in the history of the fiteam-engine, 
to explain Mr. Watt's theory of its action by expansion. Let a b 
<3 D, Fig. 17, represent a vertical section of the cylmder of an engine^ 
and E F a similar section of the j^iston. Let it be supposed that the 
steam was admitted when the piston was in contact wiUi the top of 
the cylinder, represented by the line a b ; and that, as soon as the 
piston moved into the position represented by £ f, by the pressure of 
the steam, the regulator was shut, and the steam was cut off. The 
«team which filled the space represented by a b f b, will still con- 
tinue to press the piston downwards by its expansive force ; but in 
proportion to this expansion its pressure will diminish. Now, if 
the steam comport itself in such a situation precisely as air does, its 
force will then be inversely proportional to its rarity or degree of 
expansion. This property, which steam is considered to possess, may 
be physically represented by the arc of a curve, f o h i, called the 
^qnilaieral hyperbola; for it is a property of this curve that its 
absdssse are to each other inversely as the correspondhig ordinates, 
when the asymptotes are assumed as the co-ordinate axes. Hence, if 
A D, represents a portion of the asymptote to the curve, and be divided 
into any number of equal ports, the abscissa a b, a k, a l, and a d» 
will then be to each other as the ordinates i d, h l, o k, and b f ; and 
the pressures of the steam at the points e, x, l, and d, will be as the 
numbers 1, i, ^, and i. 

This law, expressed in general terms, 
amounts to the following theorem : f the 
expansions, or degrees of^ rarity, in the 
steam of a cylinder belonging to a steam- 
engine, after the steam has been cut off, be 
represented, at the different points in the 
descent of the piston, by the abscissn of an 
equilateral hyperbola, the pressures of the 
steam at those points will be represented 
by their corresponding ordinates ; and fur 
this reason, that the relation between the 
expansions of the steam and its pressures, 
in such circumstances, is precisely the 
same as the relation between the abscissa} 
and the ordinates of the successive points 
of the curve corresponding to the points 
in the cylinder, where those expansions 
take place. According to this view of the 
subject, the accumulated pressure of the 
steam, both before and after its expansion, 
i.e. , the point where the steam is cut off, will 
be obtained from the expression or formula 
representing the sum of its pressures at 
every point in the height of the cylinder. Now, if p denote 
tAe pressure on every square inch of the piston at the moment it 
begina to descend, and c the diametei of t3&!e pi&Vn^ Vl \a\iUisk that 
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'Pe/2x*7So4i will be the amount of pressure during the descent of the 
piston from ▲ to b. Moreorer, it may easily be shown, by the inle- 
$r9l ealculu9f that the amount of the pressure during the descent of 

the piston from b to n, is Pc2X'7854 multiplied by log. ^ , where l 
denotes the whole length of the stroke, and d the part of it where 
the steam is cut off, and left to work ezpansiyely. Hence, the ex- 
pression or formula Pc2x*7854 (1 +log. ^ ) denotes the sum of the 

pressures, brfore and tfier the steam has been cut off. The problem, 
therefore, " To find the whole pressure of the steam in the cylinder of 
an expansive engine, when the steam has been cut off at a given part 
of the stroke," wUl be solved by tiie following rule : DMde the wAofo 
length qfihe stroke by the gwefn length of the pert at which the steam i§ 
to be cut qf, and find the Neperian logarithm qf the quotient ; add unity 
to this logarithm^ and multiply the eum by the product qfthe preeture on 
each square inch qf the piston at starting, and the area ff the piston itse{fs 
the result will be the pressure required. Thus, let the diameter of the 
piston be 24 inches, and the pressure on every square inch of the 
piston, before the steam be cut off, 14 pounds ; then the product of 
this pressure, and the area of the piston, which is 24X24X*7854, wHl 
be nearly 6333*5 pounds. Also, let the whole length of Uie stroke be 
6 feet, and let the steam be cut off at a fourth put of the strc^Le, or 
1 feet. Then, the Neperian logarithm of 4 is 1*3862943 ; therefore,, 
the accumulated pressure is 6333X2.8862943 ===15114 pounds, nearly. 
If a table of Neperian logarithms be not at hand, multiply tlxe com- 
mon logarithm of the number above-mentioned by 2*3026, and it will 
give the Neperian logarithm, nearly. 

In the example just given, the accumulated pressure of the steam,, 
while the piston moves from a. b to b 7, is 6333X1^6333 pounds. 
Therefore, the steam, by its expansive pressure through the whole* 
cylinder, adds a pressure of 8781 pounds; for, 15114— 6333«s8781. 
But if the steam had been freely adinitted during the whole descent of 
the piston, the accumulated pressure would have been 6333 X 4 a" 25332^ 
pounds. Here Mr. Watt observed a remarkable result. The steam 
expended in this case would have beenybtfr times greater than when 
it was cut off at one-fourth of the stroke, and yet the accumulated 
pressure is not even twice as great, being only about five-thirds. Hence, 
one-fourth of the steam penorms nearly three-fifths of the work, and 
an. equal quantity performs more than twice as much work, when 
thus admitted during one-fourth of the motion. This is curious and 
important information ; and the advantage of this method of working 
a steam-engine increases in proportion as the steam is sooner stopj>ed ; 
but the increase is not great after the steam is rarefied four times. 
The reason is, Uiat the curve expressing this increase approaches 
nearer to the axis, and small adcutions are made to the area. The 
expense of such great cylinders is considerable, and may sometimes 
compensate this advantage. 

The following table wiU show the advantaiyeA cAAwca«^\y5 ^^si^^ss;^ 
an engine expansively, according to tiie -paxlt oi ^iJaa ^►Xxsite ^"^"^ 
eteam is cut off. The first columa ikho-wa i^« fewi\\s«s. cJi NJaa ««ww > 
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and, coQsequently, the quantity of steam employed, as compared with 
•Uie full of the cylinder. The second column shows the number of 
parts in 100 of the whcde work which the corresponding quantity of 
the steam will perform : — 

Fraction of the 

Stroks. Wobk Pbbforhu. 

One-hfilf 85 parts in 100 

One-third 70 ,, 

One-ftnirth 60 „ 

One-fifUi 62 „ 

One^sixth 47 „ 

One-seventh 42 „ 

One-eighth 38 „ 

"It is yery pleasing," says Dr. Bobison, '*to observe so many 
unlooked-for adrantages resulting £rom an improyement made widfi 
the sole yiew of lessening the waste of steasn by condensation. While 
this purpose is gained, we learn how to husband the steam, which is 
not thus wasted. The engine becomes more manageable, and is more 
easily adapted to every variation in its task, and all its powers are 
more easily computed." In this calculation it has been asserted 
that ** no allowance has been made for the pressure of the steam de- 
creasing much more rapidly than in proportion to the density, owing 
to the &11 of temperature which necessarily attends such a rapid and 
great dilatation as the steam has here to imdergo, and which must 
greatly lessen its effect on the engine." This objection would be 
well-foimded if the cylinder itself were liable to the same dilatation as 
the steam ; but, seeing that the cylinder win necessarily keep up the 
original heat of the steam, and will readily part with it to the dilated 
steam, the idea of great diminution of pressure, on account of dilata- 
tion alone, appears to be groundless. At the same time it must be 
admitted that some change in the pressure will take place ; for, unless 
the dilated steam did really preserve its original temperature, the law 
of the pressure, being inversely as the expansion, will not hold good. 
The objection, however, has l>een met by the important admission 
that, *< unless the expansive system be carried to excess, it is the most 
advantageous method of using the steam, especially when of high 
pressure — not only because it renders available most of its foree, but 
because that variable force may be proportioned so as to equalise 
considerably the action of the engine ; for, at the beginning of each 
stroke, a great effort is required to overcome the inertia of the beam 
or of any parts having a corresponding reciprocating motion; 
whereas, in the latter part of the stroke, Hie momentum which those 
reciprocating parts have acquired is almost sufficient to continue the 
motion of the en^ne without the aid of the steanu'' 

Mr. Watt's mining, or ''water-commanding engine," as it might 

now really be denominated, according to the high-flown style of the 

Marquis of Worcester, was only the precursor of the double-acting 

steam-engine, or the great manufacturmg engine of revolution. In 

conaidering the nature of his first steam-engine, it had always been 

matter of regret that one-half of its motkno^was imaccompanied by 

A^r work. It at last occtuTed to lum, IfSuiX «» tks ittoiM oAmMM 
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4ibovc the piston pressed it down, so steam admitted below the piston would 
press it up with the sime force, provided a vacuum were made tn its 
upper side: and that this might be done by connecting the lower end qf 
the cylinder with the boiler, and the vppfr ^nd with the condenser* 
Splendid achisyement op genius ! Thus was the steam-engine 
rendered complete, and the noblest mechanical inyention that ever 
entered the mind of man ! The grand object of continued vertical 
motion accompanied by power was now attained ; and it only required 
the application of seversd pieces of intermediate mechanism to render 
the steam-engine what it has since become, the most valuable gift of 
science to the manufactures of this country, and to the commercial 
intercourse of the human race. The following is a list of the patents 
given by himself, in which these different new inventions are enroUed. 

** Patent, 25th October, 1781 . * Pbr certain new Methods of applying 
the Vibrating or Reciprocating Motion of Steam or Fire-Engines 
to produce a continued Rotative or Circular Motion round an 
Axis or Centre, and thereby to give Motion to the Wheels of 
Mills or other Machines.' 

**The specification, dated 13th February, 1782, contains a descrip- 
tion of five different contrivances of rotative motions." 

*' Patent, 12th March, 1782. * For certain new Improvements upon 
Steam or Fire-Engines for Raising Water, and other Mechanical 
Purposes, and certain new Pieces of Mechanism applicable to the 
same.' 

** The specification, dated the 3rd July, 1782, contains, first, the 
expansive steam-engine, with six* different contrivances for equalising 
the power; second, the double-power steam-engine, in which the 
steam is alternately applied to press on each side of the piston, whUe 
a vacuum is formed on the other ; third, a new compound engine, or 
method of connecting together the cylinders and condensers of two or 
more distinct engines, so as to make the steam which has been em- 
ployed to press on the piston of the first, act expansively on the piston 
of the second, &c., and thus derive an additional power to act either 
alternately or conjointly with that of the first cylinder ; fourth, the 
^plication of toothed racks and sectors to the end of the piston or 
pump-rods, and to the arches of the working-beams, instead of 
chains ; fifth, a new reciprocating, semi-rotative engine, and a new 
rotative engine or steam-wheel." 

** Patent, 28th April, 1784. 'For certain new Improvements upon 
Fire and Steara-Engines, and upon Machines worked or moved 
by the same.' 

"The specification, dated the 24th August, 1784, describes, first, 
a new rotative engine, in which the steam- vessel turns upon a jpivot, 
and is placed in a dense fluid, the resistance of which to the action of 
the steam, causes the rotative motion ; second* methods of causing the 
piston-rods, pump-rods, and other parts of engines, to move in per- 
pendicular or other straight lines, and to enable the enjg,\nft\ft ^^i\.'wg««^ 
the working-beams both in pushine and "pvx3C^%— ^JJnSa S& tvv^ vt^Kss^ 
ihe parallel motion, aad three YaiieUe& are d.^acrCti^^ % ^Qmx^x vKc^gtor*^ 
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of nii^jring the a team- engine to woik pumps, oi other attei- 

ntting mMhtneij, by making the rods bftlnnce Mch other ; fimnh. k 
new method of applving the ^oWer of iteiin-enginM to move nulla 
which hare numy wheeu lequired to mors roiutd in concsit ; fifth, a 
simpUfied method of applying the power of Bteain-saginB* to iht 
WDihing of hesTy hanunecB or stampers ; aizth, s new construction 
mxd mode of opening the Talves, and an improTed wtaUng-cear ; 
BCTenlh, B portable steam-engine and machinwy for moTing wheel- 
catrisgeB " 

Fig 18 
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•'Patent in 1785. *For certain newly-iinprored Methods of Con- 
Btrueting Fomaces, or Fire-places for Heating, BoUing, or Eva-^ 

S orating of Water and other Liquids, which are appUcable to 
team-Engines and other Purposes; and also for Heating 
Melting, and Smelting of Metals and their Ores, whereby greater 
effects are produced from the Fuel, and the Smoke is in great 
measure prevented or consumed.' 

** The specification is dated the 14th June» 1785." 

Mr. Watt's original double-acting engine is represented in Fig. 18, 
which is copied from the figure which accompanied his specification. 

Here bb is a section of the cylinder, surrounded at a small distances 
by the steam-case 1111. The section of the piston a, and the collar 
which embraces the piston-rod, gives a distinct notion of its con 
struction, of the manner in which it is connected with the piston- 
rod, and how the packing of the piston and collar contributes to make 
all tight. From the top of the cylinder proceeds the horizontal pipe. 
Above the letter d is observed the seat of the steam- valve, commu- 
nicating vdth the box above it. In the middle of this may be observed 
a dark-shaded spot. This is the mouth of Uie upper branch of the 
steam-pipe coming from the boiler. Beyond p, below the letter n, 
is the seat of the upper condensing-valve. The bottom of the cylindet 
is made spherical, fitting the piston, so that they may come nearly 
into entire contact. Another horizontal pipe proceeds from this bot« 
tom. Above the letter e is the seat of the lower steam- valve, open 
ing into the valve-box. This box is at the extremity of another 
steam-pipe marked c, which branches off from the upper horizontal 
part, and descends obliquely, coming forward tc the eye. Beyond 
this steam-valve, and below the letter p, may be observed the seat of 
the lower condensing- valve. A pipe descends from hence, and at a. 
small distance below imites with another pipe o, which comes down 
from the upper condensing valve k. These two eduction-pipes 
thus united go downwards, and open at L into a rectangular box, of 
which the end is seen at l. This box, at its farther extremity com- 
municates with the air-pump k, whose piston is here represented in 
section with its butterfly valves. The piston delivers the water and 
air laterally into another rectangular box m, which box conmiuni* 
cates with the pump. The piston-rods of this and of the air-pump 
are suspended by chains from a small arch-head on the inner arm of 
the great beam. The lower part of the eduction-pipe, the horizontal 
box L, the air-pump k, vdth the communicating box m between it 
and the pump I, are all immersed in the cold water of the condensing 
cistern. The box l is made flat, broad, and ah^ow, in order to in- 
crease its st^ace and accelerate the condensation. But that this 
may be performed with the greatest expedition, a small pipe e, open 
below (but occasionally stopped by a plug- valve,) is inserted laterally 
into the eduction-pipe o, and then divides into two branches, one en 
which reaches within a foot or two of the upper valve n, and the 
other approaches as near to the valve r. v*««^*> 

As it IB intended by this conatmctMni V> ««^ ^'^ "^^"^x ^J'-S^^ 
impulse in b<rthdbeeaQnB/iXinXiTL^K\iit'Sts^ 
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a chain from the great beam ; for it must not only pull do.wn that 
end of the beam, but also ipush it upwards. It may indeed be sus- 
pended by double chuns, like the pistons of the engines for extin- 
guishing fires ; and Mr. Watt has accordingly done so in some of his 
engines. But in his drawing, from which this figure is copied, he 
has oommunioated the fiorce ci the piston to the beam by means of a 
toothed rack oo, which engages or works in the toothed sector qq 
on the end of the beam. The reader will understand, without any 
further explanation, how the impulse given to the piston in either 
direction is thus transmitted to the beam without diminution. 
Ihese racks and sectors were very soon laid aside, and a better 
xnethod, called the parallel motion (hereinafter described) employed 
instead of them. The fly xx, with its pinion y, which also works 
in tiie toothed arch qq, may be supposed to be removed for the present, 
jutid will be considered afterwards. 

, We shall take the present opjportunity of describing Mr. Watt's 
method of commimicating the force of the steam-engine to anj 
ifffl<>liinft of the rotatory kind, v y represents the rim and arms of a 
Tery large and heavy metallic fiy. On its axis is the concentric 
tooUied wheel u. There is attached to the end of the great beam, a 
strong and stiff rod t t, to the lower end of which a toothed wheel w 
is firznly fixed by two bolts, so that it cannot turn round. This wheel 
is of the same size and in the same vertical plane with the wheel u ; 
.and an iron link or strap connects the centres of the two wheels, so 
that the one caxmot quit the other. The engine being in the position 
xepresented in the figure, suppose the fly to be turned once round by 
any external force in the direction of the darts. It is plain that, since 
the toothed wheels cannot quit each other, being kept together by 
4he link, the inner half (that is, the half next the cylinder) of the 
wheel V wUl work on the inner half of the wheel w ; so that, at Uie 
^kI of the revolution of the fly, the wheel w must have got to the 
top of the wheel u, and the outer end of the beam must be raised to 
its highest position. The next revolution of the fly will bring the 
. wheel w and the beam connected with it to their first positions ; and 
thus every two revolutions of the fly will make a complete period of 
Hie beam s reciprocating movements. Now, instead of supposing the 
Ay to drive the beam, let the beam drive the fly. The motions must 
be perfectly the same, and the ascent or descent of the piston will 
.produce one revolution of the fly. 

Mr. Watt gives the foUoviring history of this invention :— ** I had 
yexy early turned my mind to the producing continued motions round 
jui axis ; and it will be seen, by r&rence to my first specification, in 
4769, that I there deseribed a steam- wheel, moved by the force of 
. ivteam acting in a circular channel against a valve on one side, and. 
4uaunst a column of mercury or some other fiuid metal on the other 
«[die» This was executed upon a scale of about six feet diameter at 




Mo^ others, as well as- to the engines producing rotatory motions by 
^aeaoM of ratehet'WheeU, Ba7ui§ made mj wd'gtwsa.^c^^ cscuiJnea 
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very regular in their movements, I considered how to produce 
Totative motions from them in the best manner ; and amongst yarious 
schemes proposed, none appeared so likely to answer the purpose 
as the application of the crank in the maimer of the common 
turning lathe (an invention of great merit, of which the humble in-- 
ventor, and even its era, are uxiknown]. But, as the rotative motion 
is produced in that machine by the impulse given to the crank in the 
descent of the foot only, and behoves to be continued in its ascent by 
the momentum of the wheel which acts as a fly, and bdng unwilling 
to load my engine with a fly heavy enough to continue the motion 
during the ascent of the piston (and even were a counter-weight em- 
ployed to act during that ascent, of a fly heavy enough to equalise 
the motion), I proposed to employ two engines acting upon two 
cranks fixed on the same axis at an angle of 120 degrees to one an- 
other, and a weight placed upon the circumference (n the fly at the 
same angle to each of the cranks, by which means the motion might 
be rendered nearly equal, and a very light fly would only be requisite. 
This had occurred to me very early, but my attention being ftiUy em- 
ployed in making and erecting engines for raising water, it remained 
in petto until about the year 1778, when Mr. Wasbrough erected 
one of his ratchet-wheel engines at Birmingham, the frequent break- 
ages and irregularities of wmch recalled the subject to my mind, and 
I proceeded to make a model of my method, which answered my ex- 
pectations ; but having neglected to take out a patent, the invention 
was communicated by a workman emploved to mzike the model to 
some of the people about Mr. Wasbrough s engine, and a patent was 
taken out by them for the application of the crank to steam-engines. 
This fact the said workman confessed, and the engineer who directed 
the works acknowledged it, but said, nevertheless, the same idea had 
occurred to him prior to his hearing of mine, and that he had even 
made a model of it before that time, which might be a fact, as the 
application to a single crank was sufficiently obvious. In these cir- 
cumstances, I thought it better to endeavour to accomplish the same 
end by other means, than to enter into litigation, and, if successful, 
by demolishing the patent, to lay the matter open to everybody. 
Accordingly, in 1781, I invented and took out a patent for several 
methods of producing rotative motions from reciprocating ones, 
amongst which was the method of the sun and planet wheels de- 
scribed in the text. 

** This contrivance was applied to many engines, and possesses the 
great advantages of giving a double velocity to the fly ; but is perhaps 
more subject to wear, and to be broken under great strains, than the ' 
erank, which is now more commonly used, although it requires a fly- 
wheel of four times the weight, if fixed upon tiie first axu. My ap- 
plication of the double engine to these rotative machines rendered 
unnecessary the counter weight, and produced a more regular motion ; 
80 thai, in moH of our ffreat mamtfaeUmea, these engines now supptj^ the 
place ^ water, wind, and horse mills; and instead qfearryinff the work 
to theptfwer, the prime agent is placed wherever it is tnost ctmeenient to 
the manufacturer,'* 

Let us now trace the operation otti!b3kamw^\Tifc^Jca«^'s6aLi^^^ 
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Recurring to Fig. 18^ let us suppose that the lower part of the cylinder 
BB is exhausted of all elastic fluids; that the upper steam* valve d 
and the lower eduction-yalve f are open, and that the lower steam- 
yalve b and upper eduction-valye n are shut. It is evident that the 
piston must be pressed towards the bottom of the cylinder, and must 
pull down the end of the working-beam by means of the toothed rack 
00 and sector Qa, causing the other end of the beam to urge forward 
the machinery with which it is connected. When the piston arrives 
at the bottom cf the cylinder, the vales d and f are shut by the plug- 
frame, and B and n are opened. By this last passage the steam gets 
into the eduction-pipe, where it meets with the injection water, and 
is rapidly condensed. The steam from the boiler enters at the same 
time Dy e, and pressing on the lower side of the piston, forces it up- 
wards, and by means of the toothed rack oo and toothed sector qq 
forces up that end of the working-beam, and causes the other end to 
urge forward the machinery with which it is connected ; and in this 
manner the operation of the engine may be continued for ever. 

The injection water is continually running into the eduction-pipe, 
because condensation is continually gomg on, and therefore there is- 
& continual atmospheric pressure to produce a jet. The air which is 
disengaged from the water, or enters by leaks, is evacuated only during 
the rise of the piston of the air-pump k. 

It is evident that this form of the engine, by maintaining an almost 
constant and uninterrupted impidsion, is much fitter for driving any 
machinery of continut d motion than any of the former engines, which 
were inactive during half of their motion. It does not, however, 
seem to have this superiority when employed to draw water ; but it 
is also fitted for this task. Let the engine be loaded with twice as 
much as would be proper for it if a single-stroke engine, and let a fly 
be connected with it. Then it is plain that tiie power of the engine 
during the rise of the steam-piston will be accumulated in the fly ; 
and this, in conjunction with the power of the engine during the 
descent of the steam-piston, will be equal to the whole load of water. 

Speaking of the engine just described, Mr. Watt says : — " I do not 
exactly recollect the date of the invention of the double engine, but a 
drawing of it is still in my possession, which was produced in the 
House of Commons when I was soliciting the act of parliament for 
the prolongation of my patent in 1774-5. Having encountered much 
difficulty in teaching others the construction and use of the single 
engine, and in overcoming prejudices, I proceeded no farther in it at 
that time, nor until, finding myself beset with an host of plagiaries 
and pirates in 1782, I thought proper to insert it, and some other 
things, in the patent above-mentioned. 

** The mention of the Albion mills induces me to say a few words 
respecting an establishment so unjustly calumniated in its day, and 
the premature destruction of which by fire, in 1791, was, not impro- 
bably, imputed to design. So far from being, as misrepresented, a 
monopoly injurious to the public, it was the means of considerably 
reducing the price of flour while it continued at work. 
f'lt consisted of two engines, each of fifty horses power, and twenty 
j^airs of millstones, of which twelve or more ■paVta, V\.^iC!Ei&'t^t^]d&xtA 
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machinery for dressing the flour and for other purposes, were gene- 
rally kept at work. In place of wooden wheels, always subject to 
frequent derangement, wheels of cast-iron, with the teeth truly 
formed and finished, and properly proportioned to the work, wer« 
here employed, and other machinery, which used to be made of wood* 
was made of cast-iron, in improved forms ; and I believe the work 
executed here may be said to form the commencement of that system 
of mill- work which has proved so useful to this country. 

** In the construction of that mill- work and machinery, Boulton 
and Watt derived most valuable assistance from that able mechanician 
and engineer, Mr. John Kennie, then just entering into business, who 
assisted in planning them, and under whose direction they were 
executed. 

** The engines and mill- work were contained in a commodious and 
elegant building, designed and executed under the direction of the 
late Mr. Samuel Wyatt, architect. 

" Though the double engines have been principally applied to rota- 
tive motions, yet where mines are very deep, they are advantageously 
applied to the working of pumps by a reciprocating motion ; one set 
or half of the pump-rods being suspended by means of a sloping rod 
from the working-beam near the cylinder^ and the other half of these 
rods being suspended directly from the outer end of that beam, so 
that the ascending motion of the piston pulls up one-half of these 
rods, and works the pumps belonging to them, and the descending 
motion of the piston pulls up the o&ex half of the rods, and worlu 
their pumps. 

'* An engine of this construction was erected at Wheal Maid Mine, 
in Cornwall, in the beginning of 1788, having a cylinder of sixty- 
three inches diameter, and nine feet stroke ; but the stroke in the 
pumps, which were eighteen inches diameter, was only seven feet. 
This engine, which at the time it was made, was the most power- 
ful in the world, worked remarkably well, though, like many others 
in Cornwall, it was loaded with an enormous weight of dry pump- 
rods. 

** In other cases, when it has not been convenient to divide the 
pump-rods into two sets, the ascending motion of the piston has been 
employed to raise a weight equal to one-half the column of water in 
the pumps, which weight came in aid of the power of the engine in 
the descending stroke of the piston ; but the former method is pre- 
ferable, wherever it can be adopted." 

- In speaking of the steam and eduction- valves, we said that they 
were fdl puppet- valves. Mr. Watt at first employed cocks, and also 
sliding-valves, such as the regulator or steam- valves in the old en- 
gines. But he found them always to lose their tightness after a short 
time. TMs is not surprising, when we consider that they are always 
perfectly dry, and very hot. He was therefore obliged to change 
them all for the puppet-clacks, which, when truly ground and nicely 
fitted in their motions at first, are not found to go soon out of order. 
Other engineers now universally use them in the old form of the 
steam-engine, without the same lecusotiB, ^xA TBKt^\s^ ^«c<-^sf«aSi. 
ignorant SaitaUoB, 
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Thif was the coaitruetion of the regulator boxes or nozles which 
was generally employed by Boultou and Watt at first ; but upon the 
introduction of the double en^^es, it was somewhat changed, the 
regulator or yaWe, which admitted the steam to the cylinder, was 
placed directly over the exhaustion-valve, which admitted the steam 
to the condenser. 

At a later period, Mr. Murdock contrived another arrangement^ 
which is now generally followed in steam-engines applied to the 
working pumpe, or other reciprocating motions. The regulating- 
vidves are placed one over another, as has just been mentioned ; the 
•terns of tlie steam-regulators are h(^ow cylindnrs, through which, 
and a collar of hemp, the stems of the exhaustion- valves pass up* 
wards air-tight, and these hollow stems of the steam-regulators also 
pass through stuffing-boxes in the covers of the resulating boxes. 
In this arrangement the regulators or valves are raised and depressed 
by means of machinery fixed upon the outside (in place of that 
described in the inside), and are preferable from their being more 
easily aceessifale in case of derangement. 

Mr. Murdoch also contrived an excellent sUding-valve for the 
admission of steam into, and its exit from, the cylmder (now very 
generally used, with some improvements, by Boulton, Watt, and C!o., 
in their rotative engines), for which,, along with several other articles, 
he obtained his Majesty s patent in 1799 (the specification of which 
has been published inuie " Repertory of Arts." vol. xiii.) To the in- 
genuity of Mr. Murdoch are also due many improvements in the 
manufacture of the engines, and in the machines and tools used for 
that purpose. 

When a person properly skilled in mechanics and chemistry re- 
views these different forms of Mr. Watt's steam-engine, he will easily 
perceive them susceptible of many intermediate forms, in which any 
tme or more of the distinguishing improvements may be employed. 
The first great improvement was the condensation in a s^arate 
vessel. This increased the original powers of the engine, giving to 
the atmospheric pressure and to the counter- weight their fiill energy ; 
at the same time the waste of steam greatly diminished. The next 
improvement, by employing the pressujre of the steam instead of that 
of the atmosphere, aimed not only at a still farther diminution of the 
waste, but was also fertile in advantages,, rendering the machine more 
manageable, and particularly enabling us at all times, and without 
trouble, to suit the power of the engine to its load of work, however 
variable and increasing, and brought into view a very interesting pro- 
position in the mechanical theory of the engine, viz., that the whole 
performance of a given quantity of steam may be augmented by ad- 
mitting it into the cylinder only during a part of the piston's motion. 
Mr. Watt has varied the application of this proposition in many ways ; 
and there is nothing about the machine which gives more employment 
to the sagacity and judgment of the engineer. The third improve- 
ment of the double impulse may be considered as the finishing touch 
given to the engine, and renders it as uniform in its action as any 

The only thing that seemed susceptible oi coTvav^etaXAa \sa.^iQye» 
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ment was the great beam. The enormous ttraixui exerted on its arms 
required a proportional strength. This required a Tast mass of matter, 
not less indeed, in an engine with a cylinder of fifty-four inches, than 
three tons and a half, moTing with the Telocitr of three feet in a 
second, which must be commimicated in about half a second. Thia 
mass must be brought into motion from a state of rest, must again be 
brought to rest, again into motion, and again to rest, to complete the 
period of a stroke. This consumed much power ; and Mr. Watt was 
not able to load an engine with more than ten or eleven pounds on 
the inch and preserre a sufficient quantity of motion, so as to make 
twelve or fifteen eight-feet strokes in a minute. 

The difficulty of obtaining timber of suffieient dimensions to form 
the working-beam of a very powerful engine in one log, early sug- 
gested to the constructors of steam-engines the forming them of six 
or more logs laid flat upon one another, and side to side, and screwed 
together upon dowells or joggles to prevent them from sliding upon 
one another ; but however well worJung-beams so oonstruoted have 
been put together, it has been found that, after they have been some 
time in use, the straps and bolts by which the logs were connected 
have gradually got loose, and several bad consequences have ensued. 
Beams in one soud log were therefore preferred wherever they could be 
obtained. In small engines Mr. Watt sometimes used cast-irun wheeia, 
or large pulleys, in place of working-beams, and, occasionally, other 
contrivances. Whenever timber could not be pot large enough to form, 
the beams in one piece, Mr. Watt resorted to smiple beams braced with 
iron. But for many years working -beams of timber for engines of every 
size have been entirely laid aside, and those made of cast-iron have 
been employed in place of them, whereby the bending, splitting, 
twisting, dry-rot, &c., to which wood is sul^ect, are completely 
avoided. 

Mr. Watt vas, in his labours, latterly associated with the cele- 
brated mechanic and philosopher Mr. Boulton, of Soho, near Bir- 
mingham. They shared the royal patent from the beginning ; and 
the alliance was equally honourable and profitable to both individuals. 
Mr. Watt, spea^g of his early labours, says : ** The late Dr. 
Roebuck, of Borrowstoness, a gentleman of much ingenuity and 
enterprise, was originally associated with me in the profits which 
might accrue from the patent ; but about 1773, he di^K>sed of his 
interest in it to Mr. Boulton, and both of them, in 1774-5, assisted me 
in procuring an Act of Parliament for the prolongation of the patent 
for twenty-nve years from that time ; and I then conunenced a part- 
nership vfdth the latter, which terminated with the exclusive privilege 
in the year 1800, when I retired firom business ; but our friendship 
continued undiminished to the close of his life. As a memorial due 
to that friendship, I avail myself of this public opportunity of stating 
that, to his friendly encouragement, to his partiality for scientific 
improvements, and his ready application of them to the processes of 
art ; to his intimate knowledge of business and manufactures, and to 
his extended views and liberal spirit of enterprise, must in a great 
measure be ascribed, whateTcr success may have attended my ex- 
ertions." 
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The advantages derived from the patent-right ahowed both the 
superiority of the en^ne and the liberal minds of the proprietors. 
They erected the engmes at the expense of the employers, or gave 
irorking drafts of all the parts, veith instructions, by wmch any resi- 
dent engineer might execute the work. The employers selected the 
de9t engine of the ordinary kind in the neiakbourhood, using the same tori 
fffcoaUy compared the quantities of fua expended by each, and paid 
to Messrs. Watt and Boulton one-third of the annual savings for a 
certain term of years. By this plan the patentees were excited to do 
their utmost to make the eneine perfect ; and the employer paid in 
proportion to the advantage ne derived from it. Afterwards to avoid 
oisputes and trouble, they fixed certain rates for each siaed en- 
gine, according to the value and quality of coals in the neighbour- 
hood. 

When Boulton and Watt set about the introduction of the rotative 
steam-engines, to give motion to mill- work, they felt the necessity 
of adopting some mode of describing the power, which should be 
easily imderstood by the persons who were likely to use them. Horses 
being the power then generally employed to move the machinery in 
the great breweries and distUleries of the metropolis, where these 
engines came first into demand, the power of a xnill-horse was con- 
sidered by them to afford an obvious and concise standard of com- 
parison, and one sufficiently definite for the purpose in view. A horse 
going at the rate of two-and-a-half miles an hour rises a weight of 
150 lbs. by a rope passing over a pulley, which is equal to the raising 
33,000 pounds one foot high in a minute. This was considered the 
horse's power ; but in calculating the size of the engines, it was 
judged advisable to make a very ample allowance for the probable 
ease of their not being kept in the best order, and therefore tiie 
load was only assumed at about 7 lbs. on the square inch of the 
piston, although the engines work well to 10 lbs. on the inch, ex- 
clusive of their own friction. 

The burning of one bushel of good Newcastle or Swansea coals in 
Mr. Watt's reciprocating engines, working more or less expansively, 
was found, by the accounts kept at the Cornish mines, to raise 
from 24 to 32 millions of pounds of water one foot high : the greater 
or less effect depending upon the state of the engine, its size, and 
rate of working, and upon the quality of the coal. 

In engines upon the rotative double constructions, one having a 
cylinder of 3U inches diameter, and making 174 strokes of 7 feet long 
per minute, called 40 horses' power, meaning the constant exertions 
of 40 horses (for which purpose, supposing the work to go on night 
and day, 3 relays, or at least 120 horses, must be kept,) consumed 
about 4 bushels of good Newcastle coal per hour, or 400 weight of 
good Wednesbury coal. A rotative double engine, with a cyunder 
of 23| inches in diameter, making 21 ^ strokes of 5 feet long per 
minute, was called 20 horses' power ; and an engine, with 17^ inches 
diameter, maldng 25 strokes of four feet long per minute, was called 
10 horses' power ; and the consumption of coals by these was nearly 
proportioned to that of the 40 horses' power. 
A bushel of Newcastle coals, which thus appears to be the con- 
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sumption of a ten-horse engine for one hour, grinds and dresses 
about ten bushels, Winchester measure, of wheat. 
' The quantity of water necessary for injection may be determined 
on principle for engines ha^inp a separate condenser. Having found, 
the contents of the cylinder m cubic feet (that is, the area of the 
piston multiplied by the length of the stroke increased by one-tenth, to 
allow for the yaouities at top and bottom through which the piston 
does not pass), it must be considered that eyery cm)ic foot of steam pro- 
duces about a cuhLc inch of water when condensed, and contains 
about as much latent heat as would raise 960 cubic inches of water one 
degree. This steam must not only be condensed, but must be cooled 
down to the temperature of the hot well : therefore as many inches of 
cold water must be employed as will require all this heat to raise it 
to the temperature of the hot well. 

Therefore let c be the quantity of steam to be condensed in cubic 
feet; 

a=xhe temperature of the cold water (per Fahrenheit) ; 
6= the proposed temperature of the warm water, or hot well ; 
11 72= the sum of the sensible and latent heats of steam ; 
j?=the cubic inches of cold water required to condense c. 
Then cX (1172— i)=drX(J— fl) : 
1172— d 

Therefore cX = *• 

*— a 
Thus, if the proposed temperature of the hot well be 100 deg. (and 
it shoidd not be higher to obtain a tolerable vacuum in the cyunder), 
and that of the injection be 50 deg., we have a^oO deg, b^lOO deg. ; 
1172—100 

hence = 21.44=*. That is, for every foot of the capacity 

100— 60 
of the stroke in the cylinder increased by one-tenth as directed ; 
or, for every cubic inch of water evaporated from the boiler, about 
2U cubic inches of water at 50 deg. ynll be required to condense the 
steam. 

But a^ the injection water may not be obtained so cold as 50 deg., 
and other circumstances may require an aJlowance, a wine pint of 
water for every inch boiled on, or for every cubic foot of the contents 
of the stroke in the cylinder, may be kept m mind as amply sufficient. 
This greatly exceeds the quantity necessary in a good Newcomen's 
engine, and by showing the more peifect condensation, points out the 
superiority of the new engine ; for the atmospheric engine, if work- 
ing to the greatest advantage, should not be loaded to more than 
7 pounds upon the inch, whereas Watt's en|;ine bears a load not 
much less than 11 pounds, exclusive of friction, when making 12 
ei^t-feet strokes per minute. 

What has been now said is not a matter of mere curiosity : it affords 
an exact rule for judging of the good working order of the engine. 
We can measure wiUi accuracy the water admitted into the boiler 
during an hour without allowing its surface to rise or fall, and also 
the water employed for injection. If the last be above the igTo^ortion. 
now given (aaapted to the tempexatuiea ol ^^ «cA.\^^ ^«^^^J^^^'«K^ 



e2 HIBTO&T OF 

certain that steam is wasted bf leaks, or by con dentation in 8om& 
ixnproper place. 

it is eTiMit that it is of great impoctaiiee to haye the tempera- 
ture of the hot w^ as low as possible, beoause there alwajs remains 
steam in the cylinder of the same or rather hi^er temperature, pos- 
sessing an elasticity which balances part of the pressure on the oth 
side of the piston, and thus diminishes the power of the en^e. This 
is clearly seen by the barometer which Bir. Watt applied to his- 
engines, and is a most useful addition to the proprietor. It shows 
him the state of the Tacuum, and, with the hoght of the mercury in 
the steam-gauge, points out the real power of tl^ engine. 

Mr. Watt fcmnd that, with the most judioiously constructed fur- 
naces, it required 6 feet sur&ce of the boiler to be exposed to the 
action of the fire and flame to boil off a cubic foot of water in an hour^ 
and that a bushel of Newcastle coals so applied wiU boil off from 8 
to 12 cubic feet, and that it required about a cwt. of Wednesbury 
coals to do the same. 

In consequence of the great superiority of Mr. Watt's engines, both 
with respect to economy and manageaueness, they became of most 
extensive use in eyery demand of manufacture on a great scale. The 
greatest mechanical project that ever engaged the attention of man 
was proposed to be executed by this machine — ^yiz., draining the 
Haerlem Meer, and even reducing the Zuyder Zee. A considerable 
engine was, however, erected by them at Mydrecht for draining a 
large extent of country, in which it was successful. Numberless 
attempts have been made to improve Mr. Watt's engine, and it would 
occupy a volume to give an account of them, whUst that account 
would do no more than indulge curiosity. 

We cannot conclude the history of Mr. Watt's inventions without 
noticing the ingenious apparatus which he, from time to time, applied 
to his engine, to render it complet^y automatic. 

The first is the parallel motion, which in the single engines serves 
in place of chains, and in the double engines supplies the place of the 
rack and sector. It has been mentioned that the racks and sectors 
were very subject to wear, and that, when perfect, they did not move 
with that smoothness that was wished, and to chains there were many 
objections. It occurred to Mr. Watt that if some mechanism could 
be devised moving upon centres, which would keep the piston-rods 
perpendicular, boUi in pushing and puUing, that a smoother motion 
would be ifttained, and, in all probability, that the parts woidd be 
less subjeik to wear. After some consideration, it occurred that if 
two levers of equal length were placed in the same vertical plane, 
nearly as shown in Fig. 19, moveable on the centres b and o, and 
connected by a rod ad, the point b, in the middle of that rod, would 
describe nearly a straight and perpendicular line, when the ends ▲ 
and D of the levers, and of that rod, moved in the segments of circle 
TOr and in, provided the arch ro did not much exceed 40 degrees, and 
consequently that if the top of the piston-rod were attached to that 
point E, it would be guided perpendicularly, or nearly so. 

It necesBaxily followed that if for convenience the lever cd (which 
represents what he called the regulating-radius) were made only half 
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the Iflngth of the lever Ah (which represents the half-leneth or radius 
of the working-beam), a point situated at one-third of the leng^th of 
the rod ad, from the joint a, would then move in a perpendicular line. 
These were first ideas ; hut the parallel motion was soon moulded into 

Fig. 19. 
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FIBST PARALLEL UOTION. 



the form in which it appears in all Boulton and Watt's engines. A 
patent for the protection of this, and some other of Mr. Watt's inven- 
tions, passed the seals in April, 1784, but the invention was made 
in 1783. 

A second article is the method of regulating the speed of the rota- 
tive engines, a matter essential to their application to cotton*spinning, 

Fig. 20. 
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THBOTTLX-VALVB. 



and many other manufactories. It is performed by admitting the 
steam into the cylinder more or less freely, by means of what is 
called a Throttle-valve, which is commoivV^ ^ ^\ws\3« ^^^a ^\^s^^!3«^. 
A, Fig, 21, having a spmdle B fixed acto«i\\» ^wsnsX^x, 
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This plate is accurately fitted to an aperture in a metal rin^ CC, of 
some tmckness, through the edgeway of which the spindle is fitted 
steam-tight, and the ring is fixed between the two fianches of the 
joint of the steam-pipe which is next to the cylinder. One end of 
the spindle, which has a square piece upon it, comes through the 
ring, and has a spanner fixed upon it, by which it can be turned 
in either direction. When the valve is parallel to the outsides of the 
ring, it shuts the opening nearly perfectly ; but when its plane lies at 
an angle with the ring, it admits more or less steam according to the 
degree it has opened; consequently the piston is acted upon with more 
or less force. For many purposes, engines are thus regulated by hand 
at the pleasure of the attendant ; but where a regular velocity is re- 
quired, other means must be applied to open and shut it, without any 
attention on the part of those who have the care of it. For this purpose 
Mr. Watt tried various methods, but at last fixed upon what he calls 
the Governor, consisting of a perpendicular axis, turned by the en- 
gine. To a joint near the top of this axis are suspended two iron 
rods carrying heavy balls of metal at their lower ends, in the nature 
of pendulums. "V^en this axis is put in motion by the engine, the 
balls recede from the perpendicular by the centrifugal force, and by 
means of a combination of levers fixed to their upper end, raise the 
end of a lever which acts upon the spanner of the urottle- valve, and 
shuts it more or less accoraing to the speed of the engine, so that as 
the velocity augments, the valve is shut, imtil the speed of the 
engine and the opening of the valve come to a maximum and balance 
each other. The application of the centrifugal principle was not a 
new invention, but had been appUed by others to the regulation of 
water and windmills ; but Mr. Watt improved the mechanism 
^y which it acted upon these machines, and adapted it to Ins 
engines. 

From the beginning, Mr. Watt applied a gauge to show the height 
of the water in his little boiler, whidi consisted of a glass tube com- 
municating at the lower end with the water in the boiler, and at the 
upper end with the steam contained in it. This gauge was of great 
use in his experiments, but in practice other methods are adopted. 
He has always used a barometer to indicate the degree of exhaustion 
in his engines. Sometimes that instrument is, as usual, a glass tube 
33 or 34 mches long, immersed at bottom in a cistern of mercury, and 
at top communicating by means of a small pipe and cock with the 
; condenser. The osculations are in a great degree prevented by throt- 
tling the passage for the steam by means of the cock. 

But as glass tubes were Uable to be broken by the workmen, baro- 
meters were made of iron tubes, in the form of inverted syphons, 
one leg about half the length of the other, to the upper end of the long 
leg a pipe and cock were joined, which communicated with the con- 
denser ; a proper quantity of mercuir was poured into the short leg 
of the syphon, which naturally stoci level in the two legs. A light 
float with a slender stem was placed in the short leg, and a s^e 
divided into half-inches applied to it, which (since hj the exhaustion 
tJie mercury rose as much in the long leg as it fell m the short one) 
represented inches on the common barometer. 
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The steam-gauge is a short glass tube, with its lower end immersed 
in a cistern of mercury, which is placed within an iron box screwed 
to the boiler steam-pipe, or to some other part communicating ireelj 
with the steam, which, pressing on the surface of the mercury in the 
cistern, raises the mercury in the tube (which is open to the air at 
the upper end), and its altitude serves to show the elastic power of 
the steam oyer that of the atmosphere. These instruments are of 
great use, when kept in order, in showing the state of the engine ; but 
are too apt to be put out of order, or allowed to remain in this state. 
It is the interest, however, qf every owner qfan engine to see that they, as- 
well as all other parts of the engine, are carefully attended to. 

The barometer being adapted onl^ to ascertain the degree of 
exhaustion in the condenser, where its variations were small, the 
vibrations of the mercury rendered it very difficult, if not impracti- 
cable, to ascertain the state of the exhaustion of the cylinder at the 
dljSerent periods of the stroke of the engine ; it became, therefore, 
necessary to contrive an engine for that purpose that should be less 
subject to vibration, and should show nearly the degree of exhaustion 
in &e cylinder at all periods. The following instrument, called the 
indicator, is found to answer the end sufficiently. A cylinder about 
an inch in diameter, and six inches 1q|^} carefully and tridy bored, 
has a solid piston accurately fitted to it, so as to slide easily bj the help 
of some oil ; the stem of the piston is guided in the direction of the 
axis of the cylinder, so that it may not be subject to jam or cause 
firiction in any part of its motion. The bottom of this cylinder has a 
cock and a small pipe joined to it, which, having a conical end, may 
be inserted in a hole drilled in the cylinder of the engine, near one of 
the ends, so that by opening the small cock a communication may be 
e£fected between the inside of the cylinder and the indicator. 

The cylinder of the indicator is fastened upon a wooden or metal 
firame, more than twice its own length; one end of a spiral steel 
spring, like that of a spring steelyard, is attached to the upper part 
of the frame, and the omer end of the spring is attached to Uie upper 
end of the piston-rod of the indicator. The spring is made, of such a 
strength, that when the cylinder of the indicator is perfectly ex- 
hausted, the pressure of uie atmosphere may force its piston down 
within an inch of its bottom. An index being fixen to tae top of its 
piston-rod, the point where it stands, when quite exhausted, is 
marked from an observation of a barometer communicating with the 
same exhausted vessel, and the scale divided accordingly. 

Mr. Watt .very early found that, although all kinds of urease would 
answer when employed to keep the piston tight, ^et that oeef or mut- ' 
ton tallow were the most proper, and the least hable to decompose ; 
but when cylinders were new or imperfectly bored, the grease soon 
disappeared, and the piston was left dry ; he therefore endeavoured 
to detain it by thickening it with some substance which would lubri- 
cate the cylinder, and not prove decomposable by heat and exhaus- 
tion. Black-lead dust seemed a proper substance, and was tliere«> 
fore employed, especially when a cylinder or the packing of the piston 
was new ; but it was found in the enA\ii^\.\}cw'&^5^^^^'^'^^^^sx^'^&^ 
cylinder^ though slowly ; by more -pettecx. \<oi!^TBsss535Cv^> ^-^^i^^sc^ 
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were at last made ao true as not to require it, or at least onlj for a 
y&ry short lime at first using. 

The joints of the cylinder, and other parts of Newcomen's engines, 
-were generally made tight by being screwed together upon rings of 
lead co-vered with glazier's putty, a method wmch was sufficient, as 
the entry of smidl quantities of air did not materially affect the work- 
ing of these engines, where only a "very imperfect exhaustion was 
required. But uie contrary being the case in the improyed engines, 
this me^od would not answer Mr. Watt's purpose. He at first made 
his joints very true, and screwed them together on pasteboard, softened 
by soaking in water, which answered tolerably well for a time, but 
was not sufficiently durable. He therefore endeaToured to find out 
some more lasting substance ; and ob8er?ina at the iron founderies 
they filled up flaws by iron borings or nllin|;8, moistened so as 
ultimatt^y to become hard ; he improyed upon this plan by mixing the 
iron borings or filings with a small quantity of sulphur, and a Uttle 
sal-ammoniac, to which he afterwards added some fine sand from the 
grindstone troughs. This mixture, being moistened with water and 
spread upon the joint, heats soon after it is screwed together, becomes 
hard, and remains good and tight for years, and it contributed in no 
small degree to the perfection of the engines. Mr. Murdock, much 
about the same time, without communication with Mr. Watt, made a 
cement of iron borings and sal-ammoniac, without the sulphur. But 
the latter substance gives the valuable property of making the 
cement set immediately. 

The act of parliament extending Mr. Watt's exclusiye privilege for 
the improvements secured to him by his first patent, expired in 1800, 
at which period he retired from busmess, having for some years before 
ceased to take an active part. Previous to that time, Messrs. Boulton 
and Watt, juniors, had been received into the partnership, and had 
erected extensive works, with improved machinery, for the manu- 
facture of steam-engines ; after the death of the original proprietors, 
the concern was carried on by them, in conjunction with Mr, Southern 
and Mr. Murdock. Under uieir management, considerable improve* 
ments were made in the execution of the engines, and some advan» 
tageous alterations were adopted in the subordinate mechanism and 
l^eneral construction ; the use of wood was discontinued, and iron, or, 
m the fixed parts, stone, or brick-work, substituted in its place ; and 
numbers of expert workmen were trained, so that the engines wore 
executed with a degree of perfection equalling, if not surpassing, the 
improvements which the increasing wealth and commeroe cf the 
country called forth in almost every other art and manufacture. 



CHAPTER V. 

fROGRESS OF THB STEAM-ENGINE FROH THE END OV THE 
EIGHTEENTH CENTURY TO THE GREAT EXHIBITION. 

Aptbr the commcD cement of the present centxuy, when the Bteam* 
engine of Watt had attained a de^ee of celebrity unparalleled in the 
history of engineering, a host of imitators and pretended improTers 
arose to disturb the serenity of the sagacious inventor. He had re- 
tired, but he had left his own son, and the son of his Uberal patron, 
as successors to that establishment on which he had conferred both 
profit and renown. While their progress stood secure, rival engineers 
did what they could to share the honour and adyautage which ac- 
crued from the original invention, by attempting to make improTe- 
ments upon it, or to substitute other engines in which the principles 
of the first inventor were necessarily involved. In the course of the first 
moiety of the half century just passed, scarcely a month elapsed in 
which some new modification of the steam-engme was not proposed. 
To enter into a detail of all these would be as impossible, as it would 
be unprofitable to our readers. Some of the more important may be 
noticed : — 

In 1801, a patent was granted to Messrs. Murray and Wood, of 
Leeds, for their invention of the nozzles or steam- valves, and the 
method of opening them ; but this patent was set aside in 1803, by a 
writ of scire faciaaf at the instance of Messrs. Boulton and Watt. 
Mr. J. C. Homblower, who wrote an account of the steam-engine 
for the late Dr. Olinthus Gregory, and whose own invention, a patent 
steam-engine, became the subject of an action at the close of the last 
century, as an infringement of Mr. Watt's patent, says that "Mr. 
Watt's engine, as it now stands, is the work of six-and-thirty years, 
and we may hold it as complete of its kind as it can possibly be. It 
has exercised the ingenuity of the inventor, besides frequent acces- 
aions from the ingenuity of other men : various pretensions and con- 
ceits, no doubt, will abound to rival its excellency, and time only, the 
arbiter of human affairs j will determine their fate. We would rather 
see a laudable competition prevail to simplify its parts, without 
afiectine the principle, cither by reducing theirnumber, or by dispen- 
sing wiuL their costly finish, or both, so that it may come within the 
compass of the middle ranks as well as the more opulent; and the 
man, who sett the example will deserve well of his country." 

In February, 1810, Mr. R. Witty took outapatent for rotative 8team« 
engines, the revolving motion of which wB&efifefc\A^\s^'v<^s^i!»«.''iis«a.- 
xuUely drawn to and driven from, a c^tlXx^^ xoiVJoA ^\^^ '^^ -^^-^tbja^ 
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cylinder or cylinders rerolyed : and to the opposite ends of the piston 
rod or rods, that passed through the said cylinder or cylinders, the 
weights were attached. Improvements on these engines, for which 
a patent was taken in October, 1811, Mr. Witty states to consist in 
making the piston draw or force round the machinery to be worked 
by it, while itself moves both in a rectilinear and rotatory direction 
in a cylinder or steam vessel; which also ** revolves upon an axis,*' 
placed either in a horizontal, vertical, or oblique position. The me- 
chanical contrivances by which this is effectea are of various kinds, 
which cause Uie power of the piston to draw or force the cylmdes 
round ; and move the mill- work, or machinery, which is attached ta 
the engine, by the revolution of the axis or shaft of the revolving 
cylinder, or by the piston rod being made to act upon a whed, or 
other contrivance, upon a separate axis or shaft, fixed or otherwise, 
as occasion may re<}uire. 

To admit the action of the steam, and of the condenser, in the re* 
volving cylinder, its axis is bored lengthwise in two places, so as to 
form two passages, each of which communicates by lateral pipes with 
the end of the cylinder opposite to the side of the axis in which it 
lies; the extremity of this perforated a2us is formed of a conical 
shape, and turns in a box made to fit it, in the same manner as tke 
revolving part of a common cock turns in its barrels ; from the upper 
part of una box a pipe passes to the steam boiler, and from the lower 
part another pipe proceeds to the condenser, and lateral apertures are 
made through the sides of the axle to the two passages within it be- 
fore-mentioned, which, as the axle turns, alternately communicate 
with the steam pipe, and the pipe of the condenser in the box, in the 
same way as a cock wiUi two ways acts ; and indeed this part 
of the engine is on Uie same principle. The axle projects through 
the box, and has a crank at its end, by which it works the air-pump 
of the condenser. 

^ Several principles are mentioned by the patentee, on which the cy- 
linder, prepared as described, can force itself round ; which are aU 
of the nature of crank or cardioid motions ; both of which, however, 
may be referred to one source, as they are caused by an apparatus 
made to protrude and retract alternately between two centres, one of 
which revolves, and the other is fixed. The first of these principles 
stated by the patentee (which he calls a cardioid motion, though it is 
more properly a crank motion), effects the rotatory movement by the 
action of a moving groove on a fixed centre ; this groove is 'placed 
at right angles to the cvlinder, in a frame that is connected with 
piston-rods proceeding from the opposite ends of the cylinder, and 
of course partakes of their alternating motion. 

The second principle consists of the operation of the ends of piston- 
rods, proceeding from the opposite extremities of the cylinder, on the 
outside of the rim of a large wheel, whose centre is placed at the 
distance of about half the stroke of the piston from the axis of the 
cylinder. The rim of the whed projects so as to extend to the line of 
the piston-rods, which are bent round to support friction- wheels out- 
Meit, that altematelj' come in contact with steps on the rim, and by 
tAez2 /brce round the wheel, by a cazdiold motion*, 6t,Vtvo'(^«t^^TA&> 
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b J a motion similar to that which levers would cause, when made to 
press alternately on tlie outside of a heart- wheel. 

The third principle is a yariety of ^e second, and consists'in making 
the large wheel before-mentioned reyolve on a ring, supported by 
friction- wheels, which includes within its circumference the axle of 
the reToliing cylinder. A species of this last mode is mentioned by 
the patentee, tnat deserves particular notice, in which the ring is 
laige enough to include within it the cylinder and protruded piston- 
rods, and is to be placed in the plane of the piston-rods, and at right 
angles to the axis of the cylinder. 

The fourth principle consists in the action of the piston-rods, 
arranged, as first mentioned, against the inside of a heart-shaped ring, 
placed vertically with its apex downwards ; one-half of this ring is 
moveable outwards by being suspended from a hinge at its upper end. 
The axis of the revolving cylinder is placed in one of the centres of 
this cardioid-ring ; and the ends of the piston-rods, furnished with 
friction- wheels, press alternately on the fixed and on the moveable 
sides of the ring, and thus produce the rotative motion. 

A fifth mode, mentioned by the patentee as a variety of the first, 
deserves to be noticed by itself for its greater simplicity : it consists 
of a crank a quarter the length of the stroke, or a fixed centre placed 
at that distance from the axis of the cylinder, from which a rod 
passes to the top of the piston-rod. In this method, and also in the 
first, a strong iron knee proceeds from the fixed centre to support the 
gudgeon-end of the axis of the revolvingcylinder, or that end which 
is opposite to its perforated extremity. The end of this knee nearest 
the fixed centre is driven tight into a piece of cast-iron and keyed 
fast ; this piece is bolted down to a beam of wood that supports it. 
The fixed centre lies between the angle of this knee and its support. 

The advantages of steam-engines, constructed on these principles, 
over common engines, the patentee states to consist in saving the 
power lost in the motion of heavy engine-beams, parallel apparatus, 
valves, hand-gear for moving valves, and plug-frames, none of which 
are used in ms engines ; and in the great simplification of machi- 
nery, which arises from iheii removal. The patentee also states, that 
the ponderous fly-wheel used to regulate the motion in other engines, 
may in his, be in a great measure dispensed with. The editor of the 
'* Retrospect," from the thirty-second number of which the preceding 
account of Mr. Witty 's contrivances is taken, adds, ** When any good 
meUiod is adopted for preventing the tendency to bend the piston, 
which an arm at right angles used to force round the engine would 
occasion, in the manner before explained, then the fifth or last method 
described would seem to be preferable to most of the others, on 
account of its greater simplicity, and its having less friction than 
them. On tibe contrary, the method in which the grooved frame is 
iised seems the worst, on account of the binding, or increased friction, 
these grooves dbted on by oblique impulses always undergo, espe- 
cially when the degree of the obliquity approaches so very near a 
direction perpendicular to the groove, as it does on this occasion ; 
and this, added to the defect before %\.^\a^,^wj\.^ ^^'«s\Ks^'^-\^r\ 
great waste of the force of the ei\fpxie« 
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Of all the methociS) however, in the state in which they are de- 
•oribed b^ the patentee, those two, in each of which the cylinder re- 
Tolvefl within a ring that surrounds it in the plane of the piston-rod. 
«t right angles to the axis of the reyolving cylinder, appear the most 
«dTantageous ; because in them, less of the force is lost in oblique 
ittovaments, and the piston-rods suffer no injury from any part of the 
auujhinery tending to produce lateral impulses. Of these two methods, 
that with the reyolviBg ring appears to be preferable, &om its causing 
le(Ui friction, and producing a more free motion ; and as the revolying 
ting might be likewise made to perform the office of a fly-wheel, it 

. would also be more simple. A mode (not mentioned by the patentee) 
«^ Applying the smaller ring, that extends only far enough to include 
ihe ftxifl of the cylinder, and is described first in the account of the 
third principle of the patent, seems also preferable to the fixed ring, 
Mfid nearly if not fully equal to the revolyiiig ring, from the sim- 
plicity of construction of which it renders the engine capable. 

Thi? advantages stated by the patentee, that engines on these prin- 
ciples possess in comparison with others, seem in most respects justly 
I'^resented ; but, on the other hand, it must be observed that th^e 
2§ much more force lost, in even the best of the methods proposed, 
ftom the obliquity of the impulse of the moving power to the motion 
|HN^uced, than in the beam-engine and crank ; as the latter acts in 
two points of the revolution at right angles to the crank, or in the 
4iito\ion of the motion produced, which is the most advantageous 
^sr^cticm ; while in none of the plans proposed by the patentee does 
-Uiil impulse come much nearer the direction of the produced motion, 
iSvuo. what would form with it an angle of forty-five degrees. 

We must differ from the patentee also, as to the capability which 
^ supposes his engines afford of dispensing with fly-wheels; think- 
iugt on the contrary, that from the great variation of the force pro- 
4lucing the rotary motion, in various parts of the revolution (on 
j^,^unt of the great difference in the obliquity of its direction) 
tfe« fly-wheel would be absolutely necessary to produce equi- 
table rotative motion in them. But notwithstanding that some loss 
^ force would be caused by the obliquity of the mipulse to tiie 
'iliroction of the motion (as before mentioned), we think that very 
iu^ful and powerful engines may be formed on the principles invented 
tff the patentee, when they obttdned those modifications, which prac- 
iS^ and experience in constructing them will point out; and that 
-jOmU to Mr. Mead's plan for a rotative steam-engine, these of the 
jMf^ntee are by far the most ingenious yet laid before the public. 
W0 also think, that in point of simplicity, and in the facility of their 
)if^iig kept in order, and having the stuffing kept tight, and renewed 
^hen wanted, tliey are superior to Mr. Mead's engine : and that the 
^fjfKi^iBB of them which revolves with a simple crank motion, and that 
^hh the larger outside revolving ring, if not some of the other kinds, 
may he afforded at a considerably lower price than Mr. Mead's ; or, 
-ittfifin the mode of making them is brought to perfection, than most 
.jli^r steam- engines, on account of the number of parts and the qu:uip 

tgiUyof £ramiDg aeed in other engines, that may be omitted in their 
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In the oonBtruction and application of the steam-engine as at present 
employed in the arts and manafactures, in the draining of mines, and 
in locomotion by sea and land, we find the practical development of 
a great number of the most important principles of mechanical and 
chemical philosophy. Discoveries in these sciences, and in the art* 
dependent on them, have uniformly, steadily, and progressively led 
to improvements, of great and incalculable value, in toe theory and 
practice of this wonderful machine. By these improvements, the 
wealth and the resources of the counlary nave been increased a thou- 
sand fold ; the comforts and the luxuries of life have been supplied, 
with a ra]^idity and to an extent unknown in former ages of the 
world ; and the inhabitants of the most distant places of the i^obe, 
have been brought into a closer contact and into a more immediate 
neighbourhood, than the brightest anticipations of poets, or the 
boldest conjectures of philosophers ever divined. Future improve- 
ments will uevitably produce greater results ; nor will it be long ere 
the happy prediction of ancient prophecy, which is hourly speeding 
to its accomplishment, be fulfilled in its widest and noblest meaning : 
** Many shall run to and fro, and knowledge shall be increased." To 
considerations of t^e preceding description, must be traced, that uni- 
versal and unfailing interest invariably manifested by the puUic 
mind, at the exhibition of every new and successful appplication of 
steam power. Hence arises the great encouragement held out to 
modern ii^enuity, for every useful addition to its inexhaustible re- 
sources ; every real simplification of its complex machinery ; and» 
every possible'reduction of its enormous expense. The great number 
of letters patent which have been granted by the British government^ 
since the time of Watt, for inventions and improvements more or less 
connected with the steam-engine, is a fact which alone sufficiently 
demonstrates the increasing importance attached to it in this country; 
inasmuch as, from documents lying before us, it appears that not less 
than five hundred of these have been enrolled m the patent office^ 
within a jperiod commensurate with the usual limit of the duration of 
human life : a period, during which the British empire rose to a 
height of prosperity without a parallel in the history of nations, and 
wilJbitood the shock of a series of political convulsions which chsoiged 
the face of Europe. 

The economy of the steam-engine, in its present improved state, 
requires a thorough acquaintance with the nature and properties of 
fuel, water, air and steam ; the doctrines of heat, combustion, expan- 
sion, and condensation ; the efiects of atmospheric pressure ; the 
force of steam generated at different temperatures and possessing 
different degrees of elasticity ; the consequences arising from the for- 
mation of a complete or partial vacuum ; the strength of materials to 
resist intense heat and pressure : the proportions of the different parts 
of engines of various kuids ; and, in short, the general principles of 
mechanics and of chemistry, and their application to all the multi- 
farious and diversified purposes of human industry and ingenuity, as 
exemplified in the history and operations of steam power. Professor 
Moseley of King^s College, London, a f^exiKXeinA.'a \a >w>M«f!k."^^ ««^^»^ 
debted far some ingenious and original TgxoT^caVCYOTi'Si Vxv. '(iaa viNSss^sfc v». 
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mechanics, particularly relating to the theory of the arch, states in a 
work lately published, that there is Tery great difficulty in deter- 
mining the ela9tlcity of the steam in the cylinder of a steam-engine, 
and its actual pressure upon the piston. The reasons he assigns may 
be stated as follows : although the steam gauge determines the elas- 
ticity of the steam in the boileTf imder sil circumstances, with 
sufficient accuracy ; ^ret the elasticity of the steam in the cylinder i» 
not the same as that in the boiler ; the former being modified by the 
contraction, retardation, and refrigeration of the steam in its passage 
through the steam-pipes, by its expansion and cooling in the cylinderr 
and by the variable resistance of the piston. The determination of ali 
ti^ese conditions is a problem of great difficulty, and hitherto an ttn- 
sohed problem of practical mechanics. 

With regard to the indicator, the usual apparatus employed for 
determining the elasticity of the steam in the cylinder, it is con- 
sidered to be too imperfect, in its present state, to be employed as a 
sure guide in forming a correct estimate of that elasticity. A mean 
of its indications is only an approximation to the mean elasticity of 
the steam in the cylinder, or mean pressure upon the piston ; and 
this, especially when the steam is worked expansively, requires too 
many corrections for retarding causes, and too nice a calculation for 
ordinary practice, to render it sufficiently available to the engineer in 
ascertaimng the power of his engine. No doubt, however, need be 
entertained that, ere long» some improvement will be made in this 
apparatus, or its use superseded hy some other invention, which will 
remove the defects still existing m the theory of this department of 
the steam-engine. Some experiments on this subject were recently 
made in Cornwall, with a view to the determination of the quantity 
of steam employed, and the mode of its distribution on the working 
stroke ; the duty performed with a given quantity of fuel ; and the 
work accomplished for a certain expense. The result of these expe- 
riments with the indicator, which are detailed in the second volume 
of the ** Transactions of the Institution of Civil Engineers," art. Y., 
show that, independently of the pressure of the steam, part of the 
stroke is performed by virtue of the momentum acquired by the 
engine in the early part of the working stroke ; and that there is a 
difference between the estimate of this part as obtained by the indi- 
cator, and as ascertained by the quantity of water evaporated, which 
it is difficult to account for satisfactorily. Notwithstanding this 
difference, still the main fact appears to be established beyond a 
doubt, by these experiments ; so that, here, we have a new element 
to determine correctly, before we can arrive at the true theory of the 
working power of a steam-engpe. Again, with respect to the dtUy 
performed with a given quantity of fuel, or the number of poTm& 
raised one foot high by the power of the steam generated by the 
combustion of that fuel, the results of the experiments detailed in 
the article referred to, show that the average duty of three engines is 
about 70 millions of lbs. raised one foot high bv the consumption oi 
one bushel or 84 lbs. of coals. Lastiy, the work accomplished for a 
certtdn expeDse-=—8ay one farthing t was about 1000 tons, or more than 
/fro mUIiona of Iba, raised one foot liig^. TYiia exUvst^Soiw^ ^^sAc^ 
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obtained from the Cornish, engines at so small an expense, has led to 
serious doubts among engineers in London and ouer parts of the 
country as to the accuracy of the reports in which the facts are 
detailea. Accordingly, in the very same volume of the ** Trans- 
actions'' already cited» we find a paper, art. III., in which the author 
not only denies that engines working on the expansive principle can. 
produce such remarkalue effects, but he endeavours to prove that 
unless the known laws of nature respecting heat, fuel, steam, and 
atmospheric pressure be altered, it is impossible that a greater amount 
of duty can evw be obtained irom an engine, than about 44i millions 
of lbs. raised one foot high by the consumption of one bushel of coals, 
making no allowance for fiription, loss of heat, imperfect condensation, 
or any other cause tending to diminish the full effect of the power of 
steam. 

In this paper, the advantages arising from working steam expan- 
sively, b^ cutting it off at a certain part of the stroke, appears to have 
been entirely overlooked — a circumstance which is the more remark- 
able, when it is considered ih&t in the same volume, and within a few 
pages of each other, facts completely contrary to this theory are 
detailed in a way sufficient to convince the most sceptical of their 
perfect fairness and accuracy. In a paper, art. YI., of the same vo- 
lume, on the effective power of the high pressure expansive con- 
densing engines in use in some of the Cornish mines, the duty of one 
of these engines, at the Holmbush Mines, near CalHngton, after the 
most careful trial, is reported to be about 118 millions of lbs. raised 
one foot high, by tiie consumption of a Cornish bushel of coals, which 
weighs 94 lbs. In this engine, the steam was cut off at one-sixth of 
the stroke; it entered the cylinder at a pressure of about three 
atmospheres, or exactly 43i lbs. f making an allowance of 1| lbs. for 
imperfect vacuum), and completed the stroke at a pressure of about 
half an atmosphere, or exactly 7.2 lbs. By taking the pressure of the 
steam at each successive sixui of the stroke, and finding the mean of 
these pressures, which is about 17.66 lbs., tiie effect due to the whole 
power of the steam is calculated at about 212 millions of lbs. raised 
one foot high, bv the consumption of a Cornish bushel of coals. For, 
the diameter of the cylinder being 50 inches, the length of stroke 
9 feet 1 inch, and the number of strokes during the consumption of 
the fuel 672, we have, by the common rule, 50 x 50 X .7854 x 17.66 

X 672 X 9^=211658702 lbs. raised one foot high for the total effect 
of the steam. Hence, as the duty was found to be 118 millions, the 
difference between this and the total effect, that is, about 94 millions 
of lbs. raised one foot high is the amount of resistance due to the 
friction of the machinery, a quantity amounting nearly to the 
half of the whole power of the steam. The principle of this 
calculation, though perhaps sufficient for practical purposes, is not 
strictly correct, for it supposes the pressure of the steam to be uniform 
durm^ each sixth of the stroke, wnich is not the case, as it gradually 
diminishes according to a certain law. This law, which was known 
to James Watt, and was mathematically investigated by Dr. Robison, 
shows that when the steam is cut off %X. OTi^-«a;Jii ^i V'i ^^2t55wit^"^iaR, 
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power to the effect of the steam es ascertained in the pre c e di n g 
article, we hare 3:1:: 177 millions : 69 millions ; and consequentlj, 
177 + 59 = 236 millions of lbs. raised one foot hish, the total effect 
of the steam when worked expansively, making one allowance for 
the momentum acquired by the mass of machinery put in motion by 
the steam. This result differs so little from that obtained before, 
that the method employed in arriving at it, amounts to an inde- 

Sendent demonstration of the fact of the influence of momentuzn, 
eveloped by the experiments referred to. Such are the effects due to 
the careful and economical management of steam as applied to mining 
purposes in Great Britain ; we shall see immediatdy that they are 
far beyond the anticipations of even our best writers on the subject* 

It may be objected to our remarks in a preceding paragraph, that 
the law which supposes the pressure of steam when cut dBT firom the 
boiler to vary inversely as the volume or as the expansion, is only 
true while the temperature is invariable ; and that since the tempera- 
ture is lowered by expansion, a corresponding diminution of pressure 
will arise firom this cause, as well as firom tiie former. Admitting 
this fact, the power of the engine as calculated in that article, wUl be 
diminished only by about a nmth part. For, the pressure at which, 
the stroke vras commenced being about six times the pressure- at 
which it was completed, it follows, that if the tem|)erature of the 
steam had remained undianged during its expansion m the cylu&der, 
its volume would have been increased about six times. Now, from 
the table of the volume of steam generated under different pressures 
compared with that of the water which produced it, calculated by 
the Comte de Pambour, we find that the volume of steam generated 
at a pressure of 43 lbs. per square inch is 634, and of steam at 7 lbs. 
per square inch is 3,380. But 634 x 6 = 3,894, which is greater 
than 3,380, by about a ninth part of itself. Deducting thercSore, a 
ninth part of 241 millions of lbs. raised one foot high, from itself, we 
have 214 millions of lbs. raised one foot high for the exact power of 
the Holmbush Mines* engine. These remarks appl^ with equal force 
to the rcsuU of our preceding calculations, which is, in like manner, 
reduced to 210 millions of lbs. raised one foot high. These results 
differ very little from that obtained by the more practical but less ap- 
proximate mode of calculation ; and taking friction, and other causes 
of difference into consideration, they must be reckoned not only very 
close approximations to the truth as respects the power of the steam 
developed by the Holmbush Mines' engine, but quite sufficient to 
demonstrate the fallacy of the arguments employed by those who 
would deny the accuracy of the reports concerning the duty of the 
Cornish engines. The gradual improvement which has been made in 
the steam-engine in Cornwall, in the course of 66 years, will be ren- 
dered evident by the following table extracted from the 2ad vol. of 
the *< Transactions of the Institution of Civil Engineers," art. VI. ; 
the third column has been added for the sake of oompaxison with 
other results of the power of steam. 
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No. Of iba. raised 


No. ol lbs. raised 


^o. of lbs- Of 


Date. 


one foot higb, l^ 


one Ibot high, by 


coal per boor 




the oonsomption of 




Ibr each 




94 lbs. of coals. 


84 lbs. of coals. 


horselB power. 


17«9 


5.590,000 


5,000,000 


33.33 


1772 


M5O,P00 


8.445,000 


19.17 


1786--1800 


20,000,000 


18,000,000 


9.30 


1813 


28.000.000 


25,000,000 


0.64 


1814 


34,000.000 


30.400.000 


5.47 


1815 


50,000,000 


44,700,000 


3.72 


1835 


54.000.000 


48,255,000 


8.44 , 


1827 


02,000.000 


55,400,000 


3.00 


1828 


80.000,000 


71,500,000 


2.32 


1834 


90,000,000 


80,428,000 


2.06 


1835 


97,000,000 


86.700,000 


1.91 


1836 


125,000.000 


112,000,000 


1.48 



Prom the last line of this table, we £nd that the reported duty of 
the Fowey Consols, one of the Cornish engines, is still greater than 
that of the Holmbush Mines' engine, which has been imder our con- 
sideration in the preeeding remarJis. The author of the able article, 
No. XI., in the Ist. Yol. of the <* Transactions'' above cited, states 
that this duty was performed at a public trial of the Fowey Consoli- 
dated Mines' engine ; that this is the greatest performance of anj 
engine ; and, that the engineers, Messrs. Petherick and West, cannot 
fail to receiye the credit they so richly merit. A march of improve- 
ment which has nearly cubed the duty of the steam-engine, where 
one million of lbs. raised one foot hign Is the unit, in the course of 
little more than half a century, or at most a period only surpassing 
the grand climacteric of man, must indeed be classed among those 
achievements of our race, which reflect tiie highest honour on the 
industry, ingenidty, and skill of the inventors, and which confer the 
noblest and most substantial benefits in a practical and commercial 
point of view, on the nation to which they belong. 

Notwithstanding the important information we have thus gained 
by the publication of the monthly reports on the working of the 
domish engines, and more recently, by that of the papers on the same 
subject in the ** l^ransactions of the Institution of CivU Engineers," 
it is remarkable that so little is yet known of the true theoretical 
principles of the steam-engine. The effect due to momentum has, 
as we have seen in the preceding pages, scarcely ever been noticed, 
or if noticed, it has never yet been properly estimated, although it is 
manifest that this effect must, in large engmes worked on the expan- 
sive principle, increase the power of steam by a very considerable per 
eentage, varying, of course, with the pressure of the steam, the length 
of the stroke, and the fraction of the stroke at which the steam is cut 
off. In the case of the Holmbush Mines' engine^ this effect amounts 
to nearly 35 per cent, of the effecl dxxa to \?dl'& ^X.^-wa.^^-aa* ^^^^^^5^ 
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would not have been materially curtailed of its present efficiency. It 
is a remarkable fact that the steam-engine has scarcely received 
any very valuable improvement since his time. He, in fact, ren- 
dered it a maclune nearly perfect. The testimony of Mr. Farey 
upon this subject is explicit, and must be condusive on the sulject 
-widi every one who has the means of ascertaining the very high 
estimation to which the knowledge and practical skul of that excel- 
lent writer on the steam-engine most justly entitle him. " It is a 
circumstance," says Mr. Farey, ** highly creditable to Mr. Watt's 
character, both as an original inventor and as a practical engineer, 
that his first double-revolving engine, which he made in 1787, at the 
Albion Mills, performed quite as well as any engine which has since 
been constructed to employ steam on the same principles. Some im- 
portant improvements have been made in Ihe construction of modem 
engines by substituting cast-iron and stone-work in the place of 
wood, and by putting Sie parts together in more substantial modes ; 
but all those essential forms and proportions which affect the per- 
formance of the machine were so ascertained by the first inventor, 
that no improvement has been since made in them, and every depar- 
ture from wose forms and proportions has impaired the per&rmance 
in a greater or less degree. In the specificalaons of Mr. Watt's 
patents are included \arious inventions which have been brought 
forward by others as new at more recent dates ; as, for instance, the 
direct acting steam-hammer patented in 1806 by Mr. Beverell, and 
again in 1843 by Mr. NasmyA, who has no small merit in having put 
it in practice on a grand scale and with great success, both as a forge- 
hammer and also as a pile-driver. In simplicity, docility, and effi- 
ciency, it greatly excels any former methods of moving hammers by 
steam. 

Of modem steam-engines there are two distinct species—the hfgh- 
pressure and low-pressure engines. The former is simple, light, and 
of few parts, generally used for locomotive engines, steam-carriages, 
steam-vessels of a lignt and rapid construction, and such other pur- 
poses as require portability or cheapness. The latter is more com- 
plex, but more effective ; more expensive in original construction, but 
more durable and more economical in consumption of fuel. The first 
is more commonly used in America, the latter in this country. The 
high-pressure engine is sometimes also ctdled the non-condensing 
st^am-engine, to distinguish it firom the low-pressure engine, which 
is fdso called the condensing steam-engine ; but there is sometimes a 
combination effected of some of the parts and principles of both 
these species, in what is called a high- pressure condensing-engine, 
by which, for certain purposes, the peculiar merits of both species are 
combined in the same machine. Of these two sorts of steam-engine, 
it is remarkable that the more elementary and simple — that which 
is the more easily conceived and understood — was not brought into 
practical use until long after the other kind had been very extensively 
used and made known by its inventor. 

The high-pressure or non-condensing engine consists of iico 

principal members, the generator or boiler and working cylinder, each 

^frj£A sundry appendages. The low-pressure or condensing steam- 
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engine consists of three principal members, the generator, cylinder, and 
refirigerator or condenser, each with siudry appendages. The gene- 
rator and workine cylinder, with their appendages, are nearly the 
same in both kinds of steam-engine, the presence of a condenser or 
refirigerator forming the principal and almost only distinction of the 
second species. By this second species the steam is returned into 
its first state of water, thereby ejecting a safing of heat and of 
mechanical power ; whereas, in the first form of engine, the steam, 
before spendmg nearly all its power, is discharsed into the open air 
as useless — a process which can only be advisable in circumstancea 
where the labour and apparatus for condensing would cost more 
money, and cause more inconvenience than would counterbalance the 
loss or fuel and heat and power. 

Engineers are in the habit of reckoning the high-pressure of steam 
by a very simple expedient. They place a weight upon a hole on the 
top of the boiler. This hole being square, and an inch in length and 
breadth, and the weight being one pound when the steam is strong 
enough just to blow the weight off the hole, they call that tteam of 
an elastic force equal to one pound on the square inch. They then place 
a weight of two pounds upon this hole of a square inch, and increase 
the heat xmtil the steam just blows it off, and that is called steam of 
the pressure of two pounds on the square inch. And, in like manner, 
when steam is con&ied and heated until it acquire force enough to 
blow weights of three, four, fire, fifteen, or fifty pounds off an aper- 
ture of just a square inch in extent, that is technically called steam qf 
the elastic pressure of three, four, ffteen, and fifty pounds on the square 
inch, over and above the pressure of tiie atmosphere. It is difficult 
to say whetifier there be any limit to the elastic force which steam 
may acquire from increased temperature and confinement. It is 
known to be even as powerfully elastic as gunpowder, and pressures 
of one thousand pounds an inch have been produced. The pressures 
generally adopted for high-pressure engines are from fifteen to one 
hundred and twenty pounds on the inch above that of the atmo- 
sphere. Of course, wnen there is a given pressure on any one inch 
of the surface of a boiler, there will be the same on every other inch 
of it : and if the aperture xmder the weight be any number of times 
greater than one inch, it will just require so much the more weight to- 
keep it closed. The standard by which the pressure is reckoned and 
calculated is, however, always the square inch. 

By placing a moveable weight, called a safety-valve, on an aperture 
of given size in this manner, the engineer not only ascertains the 
amount of the elastic force of the steam tending to burst the boiler, 
but also constructs a valve by which to avert the danger of such an ex- 
plosion. Now a given weight of lead or iron laid on a hole in the top 
of a boiler, so as to close it, is a sufficient and common form of safety- 
valve; for whenever the pressure of the steam becomes sufficient to* 
raise the weight, it escapes throug^h the opening into the air without 
doin^ any mischief. A large weight of lead, simply placed on the 
opening, is a very common and simple mode of providing for the 
safety of the apparatus. But tVus p\«a \i^wTi«» Nxv^^Tc^«KNKEi^.^^J^^s^ 
the pressure and weight are great, "VJe'^wia^ \\. Sa ^«^ ^^ Vis^ ^a.\ft>aRfc 
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unsteady ; and, in order to remedy the inconvenience, what is called 
a vahe is used, distinct from, and in addition to, the weight. A 
-valve-seat, formed of cast brass, is fixed in the aperture, and is accu- 
rately fitted by the conical valve itself, the edges of which are care- 
fully turned and tapered, so as to fit the neck of the valve-seat, and 
ground in its place to be perfectly steam-tight. A spindle portrudes 
downwards from the vidve through a guide which keeps it in a 
straight Hne, and prevents it from falling on one side of the valve 
after having been raised. This same spindle, rising upwards, earries 
upon a cross-bar a series of larse cylindxioal weights, which ma^ be 
increased or diminished in number as the case may require. It is a 
practical fault of this valve that the taH erect spindle may easily 
become bent or injured by accident, and also that the weight upon it 
may too easily be handled, so as wantonly to be increased ; hence, a 
safety-valve, with an internal weight, has been contrived. A oonieid 
valve is placed in its seat in everv respect as formerly, onl^r the 
spindle does not rise up, but hangs down among the steam, terminat- 
ing in a chain and weight. 

In all these modifications the weight on the safety-valve becomes 
large and cumbrous, when the pressure is great ; and in such tiie use 
of 3ie lever safety-valve invented by Dr. Fapin is resorted to. An- 
other form of valve was used by Mr. Southern for his delicate 
experiments on high^pressure steam. The cylinder of the valve-seat 
used in the former figxures is prolonged upwards, so as to form a 
vertical cylinder or tube, in which a plug of metal is exactly fitted. 
This plug is ground with ereat care, so as to move freely but steam- 
tight in the cylinder ; ana a rod from the cylinder passes up through 
a hole in the top, and is kept down by a lever and weight. A hole 
in the cylinder allows the steam to escape whenever the pressure on 
the valve upwards exceeds the pressure of the levers and weights in 
the opposite direction. The indications of this instrument are found 
to be very precise. Another species of safety-valve has of late years 
come into use, called the spring- valve. It is of two kinds, with a 
lever and without it. That without the lever is a series of bent 
springs, placed alternately in opposite directions in a square frame, 
and forced down upon the valve by a cross-bar, a small screw adjust- 
ing the pressure by compressing or releasing the spring. The other 
form of spring safety-valve interposes a lever between the safety- 
valve and the spring. These two species of safety-valve are used in 
locomotive steam-engines. 

The pressure of steam in a boiler is indicated by what is called a mer- 
curial gauge, communicating with the boiler. Mercury is poured into 
a bent tube, one end of which springs from the boiler, and the other 
end is exposed to the air, so that the steam by its pressure raises the 
mercury in the straight limb of the tube to a height above the level 
proportioned to that pressure. Prom calculating the weight of mer- 
cury, it is reckoned that, for every pound of pressure of the steam in 
the boiler, theie is an inch of mercury raised in the tube. Some- 
times, also^ a small float of iron is placed on the mercury, which, 
carrjing a slender rod with an index, points to the elevation of the 
tnercurj- <m a scale above the gauge. It is eVl^e^a^.\3DL"^X^QDMk^afl^JC'^s' 



THE STEAM-ENGINE. 



U» 



ment also acts as a safety-yalve, inasmuch as the steamy when too 
strong, must force the mercury entirely over the top of the tube, and 
make its escape. A double pipe, on a larger scale, with water in it 
instead of mertury, would answer equally well, only the water would 
rise one foot and an inch for ever^ pound of pressure of steam in the 
leg of the double tube, and twice that quantity if the tube were 
single, which would give a scale of 16i feet in a double tube, or 33 
feet in a single tube, as the column of water raised abore the leyel by 
a pressure of 15 lbs. on the square inch. 

It is convenient to reckon the pressure of steam in larger numbers 
than pounds, and the quantity that has been fixed is a weight of 
15 lbs., or a stone weight, per square inch ; and to this weight the 
name of an atmosphere of pressure has been given, simply Mcause 
the common atmosphere of air presses on all bodies with a weight of 
nearly 15 lbs. on the square inch. Thus steam having a pressure of 
15 lbs. on the square inch is ccdled high-pressure steam of the elastic 
force or strength of one atmosphere ; and that having a pressure of 
30 lbs. is said to have an elastic force of two atmospheres ; 45 lbs« 
of three atmospheres, &c. Sometimes, however, a rather different 
mode is adopted, and the common steam of boiling water, which 
exerts no further pressure than merely to balance the atmosphere, is 
called steam of one atmosphere , and in this case the elastic force 
which has been called one atmosphere would be considered as two. 
This will be rendered evident by the following table : — 

Thus high-pressure steam of 

lbs. on the square inch is called atmos. or 1 atmos. 
15 1 . . 2 



30 
45 
60 
75 
90 
105 



2 
3 
4 
o 
6 
7 



3 
4 
5 
6 
7 
8 &c. 



Owing to this ambiguity 'in these technical measures, it is always 
necessary to observe, and to specify, whether the pressure intended 
be pressure total or excess above the atmosphere of air. If, for 
example, four atmospheres be specified, it must be considered whe- 
ther four above the pressure of the atmosphere be meant, as in the 
first column of the table, or four including the atmospheric air pres- 
sure, in which case the number on the second column is meant ; for in 
the former case steam of 60 lbs. in the square inch is meant, and in 
the latter steam of only 45 lbs. above the atmosphere. We have 
already seen how the force of steam, confined in a close boiler, and 
heated untU it acquires high pressure, acts upon every point of the 
surface in which it is enclosed, tending to press it asunder ; and how, 
by sufficiently confining and heating it, weights of five, fifteen, or 
fifty pounds, resting on only a single square mch of surface, may be 
supported and upraised. To apply this force to the raising of great 
weights, is sometimes the object of the high-pTesaure«><A»s&u-^'Cks;esi&\ 
and it has been calculated that six pounda oi ww\» v^^^fcis^HsOassiaaM^ 
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six gallons of water into steam, has sufficient force to perform the 
most arduous labour of a man for a whole day. 

One of the simplest and earliest applications of the force of high- 
pressure steam to raising weights is given by Jacob Leupold, inhis 
Theairum Maehinarum Hydraulicarum, Leipzig, 1725. It is eTidently 
borrowed from Dr. Papin. Another is a true water-pumping hig^- 
pressure steam-engine, and might be efficiently used without any 
alteration at the present day, only the modem machines do the work 
with less fiieL Two pimips for raising water are directly worked by 
steam, by connecting the handles of these pumps with tne pistons of 
two high-pressure cylinders, in such a manner, that when the pistons 
are raised by the steam the water is forced up in the pump-pipe. The 
first method of regulating the admission of steam, and cutting it off 
when required, was by means of a four-way cock. The next was the 
inyention of a yalve-box, or valye-chest, to contain all the four pas- 
sages — viz., steam ,'«duction, upper and lower. Into ttiia box is intro- 
duced a small yalve or cover, which is of such a size as at one 
time to leave open only one of the three openings ; so that, by 
covering two of the openings, the steam can only find its way 
into the lower part of the engine, while the steam already in the upper 
part of the cylinder can find its way into the eduction-pipe. The 
next position is where all the three passages are closed, preparatory 
to reversing the direction of the steam, as in the third position when 
it slides from the upp^er part so as to allow the steam to enter above 
the piston and press it down, while the steam formerly below the 
piston escapes into the air through the lower passage by the eduction 
pipe. This valve, named from its figure the D-valve, is also worked 
by the machine itself, either by some of its moving parts striking 
plugs on a rod which is fixed to the valve, or by some of the other ap- 
paratus. 

Another form is that called the long slide or long D-valve, the in- 
yention of Mr. Murdocky which gives the advantage of shutting off 
the steam, close to its ingress into the cylinder ; and so saving what 
in the common short D-wde is lost in the passages. The valve-chest 
extends along the side of the cylinder. It is a sort of pipe extending 
along the whole length of the cylinder. Towards the ends, this pipe 
is almost semicircular, with two r arrow flat ^f^tes capable of cover- 
ing the openings or ports of the cylinder. This pipe is left open, 
and perfectly clear from the one end to the other, so that the steam 
may traverse it freely lengthwise. The steam-pipe enters the valve- 
chest from below, and the eduction-pipe in the middle. In this valve - 
chest are placed packing-boxes, as they are called, immediately op- 
posite the ports of the cylinder. They contain soft elastic hemp, 
soaked in ouy matter, the object of which is to press against the truly 
cylindrical and polished outside of the slide-valve when in its place, 
and make steam-tight parti ions in the valve- chest, to prevent com- 
munication between the middle and the two ends. In tnis species of 
slide, there is scarcely any loss of steam in the passages, and it is 
cut off close to the cylmder. 
Instead of the long n-slide, wliich is very heavy on a large scale, 
^ wo short sUdeg, dhmlar to its two ends, and connected togeUier by 
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burs, bavc been used. In tbU cBse, hon-CTer, tlicie nc two eduction- 
pipe* imCead of one M foimeilj , and the Bteam-pipe enten between 
the valves. A cylindrical slide-TulTe is tued in a considerable 
nambtr of engines, and norks xtcll, Tbe valve- chest i 



upright cylindrical pipe, tbe inside of wbich is bored truly cy 
liiidrical, and is exactly fitted by two metallic cylindrical plun, 
which aie ground so emootli in their places sa to be steam-tight, 



plugs being raised and depressed by the valve-rod which 
.. them, will effect the same purpose as the former valve. 
The arrBogeioent of the steam-valves ultimately adopted by Sir. 

'on engine is shown in Fig. 21, in which we 

e letters as in £"ig. 16 for the parts which 
n that apparatus, and hare omitted all the 
lOt in any way changed. 
Fig, 21. 




The vertical red on, instead of having three discs answering to tlie 
snme number of openings, is simply furnished with one single pieto 
(diaimguished by croBs-ehading), which is the slide-valve. In the 
posiuon lepreaenled in the figure, the slide- volve admits the stcnm 
conveyed by the transverse tube s, above the piston, while a commu- 
nicntion is established between the lower portion c of the cylinder 
ftndlhc condenser. The piston will then descend as in the single' acting 
engme. When it has arrived at the bottom, of *.hfet:'^&ii'st,*jt-v5^ 
on descends, bringing down the Blide-vaVte Vvfti. "-A-, «.tA.'!6.'s ■•»s"«eT. 
p.vt of the elide valye dewenditig comB^t'.'iVj \)iAum >;t,ft a^i™xt'»> 
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the lower portion oT it also descends below the opening v. Then it is 
the upper portion of the cylinder which communicates with the con- 
denser, while the steam issuing from the pipe s presses upon the 
lower surface of the piston. 

In immediate connection with the valves and passages of a steam- 
engine, which admit the steam on alternate sides of the piston to do 
its work, and afterwards discharge it, we may consider the means by 
which the engine is rendered automatic, or capable of performing its 
labour, m the most perfect manner, without the continual assistance 
of a man to open and shut its valves. There are two ways in which 
valves are worked by the steam-engine itself. The first of these is 
by the agency of some part of the engine that happens to move up 
and down, or performs a reciprocating motion, and the other is by the 
agency of some part which revolves. 

The method of moving the valves by a plug- frame, rising and fall- 
ing with the strokes' of the piston, was first introduced by Beighton 
(with very difierent valves) about the year 1718. It has been princi- 
pally adopted for pumping engines that have no revolving motion. 
It is, however, used with advantage in marine engines. It is noisy, 
as the sudden strokes of the plugs produce an instant jerk ; but it is 
effective, in so far as it once opens the ports to their fullest extent, 
and 80 allows full efiect to the entering steam, and full clearance to 
that which is escaping. 

Anew method of working the valves has been invented by Mr. 
Melling, superintendent of locomotives on the Liverpool and Man- 
chester railway. It derives the motion of the valves from the con- 
necting rod, one end of which moves round in the circle of the crank, 
while any point between the ends performs a sort of elliptic motion. 
Thus a round pin is made to project from near the middle of the con- 
necting rod, and the curve described by this pin manifestly resembles, 
although it is by no means a correct ellipse. It is an oval having its 
lower end more acute than the upper, and deviating the more from a 
true ellipse as the connecting rod is shorter. Since the pin does not 
describe a circle, it is made to act in a slit in an arm which proceeds 
from a fixed axis in the centre of the oval. This arm the pin carries 
round, together with a small crank on the same axis ; and the 
valve rod is moved by this crank just as by the eccentric. 

One of the most common of the many applications of the steam- 
engine is to turn round an axle and wheel; and in the second system 
of valve apparatus, by "which the steam-engine is rendered auto- 
matic, the steam-valves are worked by the revolving of one of the 
shafts or wheels. Of the various metliods in which this has been 
done, the following are examples. On the axis of the crank which 
is turned round by the connecting rod during each alternate ascent 
and descent of the piston, is placed a cam or projection. A square 
frame encloses this cam*. As the axis turns round, the cam comes into 
such positions as to bear vpon the sides of the frame successively, and 
so pushes the frame towards the right and left alternately. There is 
a bell crank to which a horizontal rod attached to the frame, moves 
on its centre, and so shifts the valve-iod up arid .dicrwin. tdi^cnately to- 
ether with the valyes. Another foim ux Yi"hiftYi x)cL\Axao\S»Ti\v'M&\y^xN. 
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given, is by connecting the large axle of the crank with a smaller 
axle, by toothed wheels. The principal or crank axis carries the 
driver. There is a projecting pin out of the centre, on the driven, 
to which a crank is connected by a rod so as to raise and depress the 
valve-rod. It is manifest that, during the revolution of the wheels, 
the pin will be carried round a circle, and communicate alternate mo- 
tion to the rod, equal in extent to the diameter of that circle. This 
circle must, therefore, be chosen of a diameter equal to the required 
motion or throw of the sieam-valves attached to the cylinder. This 
motion has been modified into a very excellent and durable arrange- 
ment by Messrs. Ctrmichael, of Dundee. Another mode of moving 
the valves is by a projection in the great axis of the engine itself. A 
rigid circular hoop encloses the axle, the axle and its projection being 
equal to the diameter of the hoop, the projection or cam, in passing 
round, pushes the hoop In alternate directions* But that modification 
of this principle, which is in by far the most general use, is in the 
form called ** the eccentric," which is a circular disc, or ring of metal, 
placed upon the shaft or axis turned by the crank. On the centre 
of the shaft or axis, to which revolution is given by the crank of the 
steam-engine, a circular disc is placed, but eccentric to it, so that its 
centre moves round the axis. The distance of the centre of the disc 
from the centre of the axis, is called the eccentricity, and it is equal 
to half the throw or range of the motion of the valves to be moved 
by the eccentric. The rod, called the eccentric rod, is attached to a 
hoop or circle that exactly fits the eccentric disc. 

One of the most important appendages of the steam-engine is the 
crank, by means of which the force of steam, although at first pro- 
ducing motion only upwards and downwards in the straight line of 
the axis of the cylinder, is nevertheless rendered capable of exerting 
that force equally well in a circular direction. When the steam- 
engine is only employed for some such purpose as pumping up water, 
no crank is necessary, but in some of the most usual and valuable ap- 
plications of the steam-engine such as those where it turns wheels of 
mills, of cotton-machinery, of steam- vessels, or locomotive engines, 
the crank, by which this is accomplished in an admirable and simple 
manner, has superseded every other plan of transmission. A crank 
is an elementary machine whieh has been used from the earliest times 
for converting a revolving into a rectilineal motion, or the reverse. It 
is figured in description of the old machines of the Egyptians, 
Chinese, Greeks, and Romans, and in water machinery it has been in. 
common use from the time of Ctesebius. A crank is merely a handle 
to awheel, by which it may be turned round, fey a rigid metallic con- 
necting-rod, instead of a man's arm, the force of steam is applied, 
through a cylinder, piston, and piston-rod, to the crank, by means of 
the conneetmg-rod ; and the steam turns round the wheel by means 
of the crank, axle, and pin. 

In the action of the crank, it is- to be observed that the force ex- 
erted by thesteam is neither constant in direction nor in actioti. If 
the steam be admitted first below the i^vaXoft^^Sx. list^^-^K^Na xic^v^s^^ 
the ojlindw; it is then cut off ptepatflCtOTj \.q\\»>o^\tv-s|^^^ts^''^^^^'^^ 
the piston ;taid in the interval it \va% 11.0 mo\V^^ ^Visjrcv. "^^^-^^ -^^ 

K 1 
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mitted above the piston, it forces it to the bottom of the cylinder ; 
and again there is a cessation in its action during the change in the 
position of the valve. Now it is evident that this recurring 
cessation of action between the alternating impulses would inter- 
rupt the continuous revolution in the wheel, but for the power 
of the wheel itself to continue the motion, by what is termed 
the momentum of its mass. "When the steam, during a stroke 
of the machine, is acting most powerfully on the piston, part 
of its power is spent in accelerating the wheel ; and when, at the 
end of the stroke, it ceases for a time to act, the wheel gives out the 
power which it had gained, and continues its motion until the next 
stroke gives it a fresh accession of power. A wheel of this kind, 
when attached to an axle for equalising motion, is termed a fly-wheel; 
and to obtain the full benefit of its equalising power, it is made of 
large diameter, that its rim may move rapidly, and it is made of great 
weight, being formed either of lead or iron, that it may acquire mo- 
mentum to render the motion as uniform as possible. Still the equali- 
sation of the motion produced by the fly-wheel is partial, not perfect. 
Matter only takes up or gives out force when it changes from one 
velocity to another. If, therefore, the fly-wheel in the motion 
take up into Itself the accession of force of the steam at one part 
of the stroke, it does so by slightly accelerating its motion ; and 
if it give out force during the cessation of the stroke, it is by 
slightly reducing its own velocity in so doing. The approxi- 
mation to perfect uniformity of the steam-engine, will be pro- 
portioned to the mass *of matter in the rim of the wheel and to 
the square of the wheel's velocity. Although, therefore, the fly- 
wheel improves the action of the crank, so as to adapt it to all ordi- 
nary purposes, still the eflect is not so equable as the power of a 
water-wheel, where extreme delicacy is required. In all ordinary 
cases, it is sufficiently uniform. 

From the circumstance already noticed, that at one point the steam 
possesses no power of turning the crank, it has been imagined that some 
considerable loss of the power of the steam takes place during its 
transmission through the crank. "When the connecting-rod and 
crank are in the same straight line, technically called the position " on 
the centre," or passing the line of centres, the action of the steam 
neither tends to turn the crank in one direction nor the other. "When 
the crank is acted upon at right angles by the connecting-rod, it is 
plain that the whole force transferred through the rod is acting to turn 
the crank; while in the intermediate positions there are two efforts, 
one acting on the centre of the crank, and another to turn it round ; 
so that, while tht pressure of the steam acting through the connect- 
ing-rod upon the extremity of the crank, is divided into two effects, 
one of these is prevented from expending the moving force of the 
engine by the fixedness of the crank centre, and the whole motive 
power is given out only at the circumference of the crank circle, in 
turning it round, but in a proportion of pressure that is continually 
varying from to a maximumi and from a maximum to 0, through 
ererjr successive quadrant of the circle. TYi© wnoMiiit oi ^%'<mvb.- 
t/oj2 issliown in the fbUowing table, which coxislaXB ol iQaa «^s«lfc ^i ^ 
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series of angles which increase continually by 18 dcg., the radius 

being 100 : — 

Points in the circle Tresture in dircciion 

of revolution. of revolutic]. 

and at 20 0.90 

1 „ 19 , . . 30.90 

3 „ 18 68.78 

3 „ 17 80 90 

4 „ 16 9o.ll 

5 „ 15 100.00 

6 „ 14 96.11 

7 „ 13 80.90 

8 „ 12 68.78 

9 „ 11 30.90 

10 „ 10 0.00 

Mean pressure . . . 63.11 

The mean pressure on the crank being in the table about 63 pounds, 
taken on an average of the whole circumference of the circle, the 
pressure varies from 36 pounds above the mean, to 63 pounds below it. 
The total pressure of the steam in the cylinder forces the connecting 
rod up and down through a space equal, each time, to the diameter 
of the circle, while the connecting-rod carries the crank through a 
space which is equal to the whole circumference ; and as the circum- 
ference of a circle bears to twice its diameter an approximate ratio of 
109 to 63, it follows, that the pressures on the crank and piston arc 
inversely as the spaces through which they move ; the motive power 
of steam in the cylinder being 100 lbs. moved through a space of 63, 
and the motive power given out in the crank, being a mean of about 
63 lbs. moved through the circumference of a circle which is repre- 
sented by 100, so that the motive power in the one case, is 100 lbs. 
-f 63 = 63000 lbs. ; and in the other case 63 lbs. -|- 100 « 0300 lbs. 
One method of equalising the rotative pressure on the crank has 
been proposed, which is very generally adopted, viz., to make two 
steam-engines act on the same axis by means of two cranks at 
right angles to each other, so that when the one ceases to exert 
force, the other may be at its point of greatest force. This is parti- 
cularly the case in locomotive engines on railroads. 

The connecting-rod is a rigid bar of metal which conveys the 
motion of the piston from the piston-rod to the crank either imme- 
diately or through the interposition of the lever or beam ; and as 
the connecting-rod, in doing so, takes various directions different from 
those either of the piston -rod or of the crank, there is an obliquity of 
pressure produced at both extremities of the connecting-rod, which 
gives rise to a variation of force and direction, that must be practi- 
cally provided for, and carefully appreciated in quantity, in so far as 
it may afiEiect the ultimate operation of the machine. There arc two 
ways in which the motion of the piston rod is most commonly trans- 
ferred to the crank ; either immediately through the connecting-rod, 
forming crank engines without beams, or aa th.e'^ w:<i ^Ua c«lLad> 
direct action engines, which aie daVV^ ^tomva^KxyXQ \t^^"t<i ^x^sx^ n^r. \ 
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or through the medium of the greit leyer, both ends of that lever 
describing circles around its middle fulcrum as a centre, and the head 
of the piston-rod being connected with the one end of the lever by 
means of an iron strap or connecting-link. In these, the connecting- 
rod or link is never, except at two points, in the some straight line 
with the piston-rod, so as to propagate its unmodified force to the 
crank ; in the oblique positions it would produce ^ lateral motion in the 
end of the piston-rod which would not only be a waste of power in 
producing motion in a place where it is useless, but would have the 
effect of continually bending the piston rod in opposite sides, so as 
either to break it, or materially to impair its working. To prevent 
these oblique pressures from thus wasting the power of the steam, 
is the object of a series of contrivances called parallel motions, or 
parallel guides. The most notable of these we owe to Mr, Watt, 
already adverted to in the preceding chapter. This elegant and 
simple contrivance is not, however, absolutely perfect. At the best 
only a part of the line which it describes makes an approximation to 
a straight line of scarcely sufficient length, and beyond which the 
stroke of the piston cannot be increased without being seriously de- 
ranged. Nor can this be remedied, but by constructing the apparatus 
on a scale so large as to be highly objectionable. In such an arrange- 
ment the head of the piston-rod is not kept perfectly in a straight line, 
but is, on the contrary, compelled to deviate from it so as to describe 
a looped curve. The nature of this deviation will become very 
evident if we suppose the parallel motion to be altogether detached 
from the piston-rod, and the motion of the parallel-bar and link 
carried to its extreme. It is most important to diminish this deviation 
which increases more rapidly than the square of the length of the 
stroke. This is most commonly done, as in all Watt's engines, by a 
jointed parallelogram. Another form of Mr. Watt*s invention consists 
in placing two bars in the same direction, with such a difference in 
their length as may afford the means of compensation. 

All thdse motions being imperfect, various plans have been adopted 
for remedying the evil. In American steam-engines. Watt's parallel 
motion has been to a great extent abandoned, because in them long 
strokes and long cranks are preferred ; and because in such cases the 
deviations of the head of the piston-rod, from a straight line, would, 
with Watt's methods, become excessive. Watt and his followers 
were perfectly aware of this, and hence were led to construct beams, 
with connecting-rods, and parallel motions, of very great length, so 
as to diminish tne evil as far as possible. This has, of course, the 
effect of rendering the whole engine both bulky and expensive, and 
is, therefore, in many cases inexpedient. The American engineers, 
therefore, use theslidlngparallel motion ; that is, they have substituted 
for the radius bars of the parallel motion of Mr. Watt, a sliding bar 
or groove in which the top of the piston-rod is guided. The head of 
the piston-rod is enclosed between two flat surfaces, or between 
two parallel iron bars, which are kept in the vertical position by 
means of stiff- framing : on these it slides ; and to diminish the friction 
wJieels may he added . Another species of parallel motion adopted 
in America, and used in this country, iB the engme fdXYw ^Vn^tln^ 
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pillar. The pillar, which supports the beam or lever, instead of 
being fixed in an upright position, has a joint at the bottom, on wliich 
it and the beam and the crank-rod perform a joggling motion back- 
wards and forwards during each stroke. The oscillation of the 
moving mass of the engine in alternate directions, with a sudden jolt 
at the end of the stroke, renders this a bad engine when made on a 
large scale. 

The elegant cycloidaf parallel motion was invented by Mi. James 
'White, and published in his ** New Century of Inventions" in 1801. 
It depends on this principle that an encycioidal curve, described by 
one circle rolling within another, approaches a straight line as the 
inner circle becomes more nearly equal in diameter to the radius of 
the outer one. To npply this principle, a large wheel, with teeth on 
its inner circumference, is fixed on a frame concentric with the axis 
and circle of the crank. A wheel with external teeth is fixed freely 
on the crank-pin, and the point of attachment to the piston-rod is 
fixed on its circumference. By this arrangement, the small wheel is 
compelled, by the pressure of the piston-rod upward, to roll roimd 
the great circle, ascending on one side and descending on the other, 
go that the distance of Uie end of the piston-rod from the point of 
contact of the circles, is always equal to the distance of the circle 
from the diameter, and thus the straight line is always preserved. 

The governor is an appendage to a steam-engine, of much value in 
regulating all its applications to the production of uniform revolving 
motion. It is merely a modification of an apparatus similar to the 
pendulum, and by which Huyghens unce attempted to regulate a 
time-keeper, instead of using the common pendulum. The height for 
any required number of revolutions is equal to the length of a simple 
pendulum, which will give double the number of yibrations in Uie 
same time. If the mass of the ball and rod were supposed to be col- 
lected into a point, the length would be had by the following easy 
rule : — Divide 35226 by the square of the number of revolutions per 
minute, and the result is the heijj;ht. Thus to find it for 30 revolu- 
tions per minute : — 

we have 30 X 30 == 900)35226 

required height = 39*14 inches. 

A substitute for the governor, - depending on the resistance of the 
air, and having nothing to do with the conical pendulum, has been 
invented and patented by Mr. Hick, of Bolton. A very oblique screw 
is formed on the usual upright spindle. To this is fitted a heavy screw 
nut, or socket, furnished with two horizontal arms and vertical vanes, 
in such a manner that when the spindle revolves rapidly, the resistance 
of the air on the vanes retards Uie socket, so that, owing to its not 
revolving so fast as the spindle, it rises by means of the screw, and at 
the same time lifts the usual horizontallever. When again the motion 
of the whole becomes more languid, the weight of the socket causes 
it to descend on the spindle. 

The parts of the condensing steam-engine hitherto examined are in 
all respects identical with those of the high-pressure steam-engine. 
The characterisdc difference coiL&Ut;& Va XbA m«xa\ftx \s\. ^hLclk the 
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Bteam is disposed of after having done its work, and in the apparatus 
required for the purpose. In the high-pressure engine, the steam is 
discharged from the cylinder simply by allowing the entering stream 
to press the piston upon the outgoing steam, and force it through the 
eduction-pipe into the open air. Now, it requires considerable force 
to effect this : we know that the atmosphere must be pushed away 
before the steam with a force of about fifteen^ pounds on each square 
inch of the surface of the pipe ; and therefore this much of the 
force of the steam, which is a balance for the air — that is, an atmo' 
sphere of steam — is consumed or thrown away in this employment. 
In the condensing steam-engine, this atmosphere is saved. The 
steam being liquefied almost instantaneously, a vacuum is formed on 
one side of the piston, and that part of the power which formerly 
was spent in the useless labour of forcing the steam into air, is now 
eniployed in useful labour. 

The most improved and most generally used form of the steam- 
engine is the double -acting engine of "Watt. The moving power in this 
machine is rendered operative by means of a piston placed in a 
cylinder, closed at top and bottom, in which it moves steam-tight. 
The piston is connected with the end of the working-beam by a rod 
moving in an air-tight collar or stuffing-box in one end of the cylinder. 
The beam is supported on its axis, and has a connecting rod to convey 
motion to the crank and shaft. When the engine is to be put in 
motion, the atmospheric air and other gases are expelled ixova the 
cylinder and the tubes which conmiunicate between it and the boiler, 
by steam, which is allowed to pass freely through them, and escape 
through a valve or cock provided for the purpose, until all the air be 
blown out of the engine. The cock is then closed, and pure steam 
fills every part of the engine. A vessel or chamber, called a condenser^ 
which is maintained at a low temperature by being immersed in cold 
water, is made to communicate with both ends of the cylinder by 
means of proper tubes and valves worked by the engine. When the 
piston is required to descend, the communication between this chamber 
and the bottom of the cylinder is opened, while a communication is at 
the same time opened between the boiler and the top of the cylinder. 
The steam which fills the cylinder below the piston rushes towards 
tlie condenser by its elastic force, and is there immediately converted 
into water by the cold medium with which it is surrounded, a jet of 
water being allowed to play into the condenser. The space of the 
cylinder below the piston is thus rendered a vacuum ; instantly the 
steam rushing from the boiler on the top of the piston, forces it down- 
wards, till it reaches the bottom of the cylinder. The communication 
between the boiler and the top of the cylinder is now closed, and a 
communication opened between the boiler and the bottom of the 
cylinder ; and, at the same time, the communication between the 
condenser and the bottom of the cylinder is closed, and a communi- 
cation is opened between the condenser and the top of the cylinder. 
Under these circumstances, the steam above the piston rushes, by its 
elastic force, towards the condenser, as before, where it is immediately 
condensed, and the space of the cylinder above the piston is made a 
vacuum. The steam from the boiler then in&Xantl^ xws\ie& into the 
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cylinder below the piston, and forces it upwards to the top of the 
cylinder. In this manner the alternate motion of the piston, upwarils 
and downwards, is continued ; this motion is communicated to the 
beam by the piston-rod, and from the beam to the crank by the con- 
necting-rod. All the communications are effected by valves which 
are opened and closed by apparatus attached either to the working- 
beam or the crank-shaft. The air pump, which clears the condenser 
of air and water, the cold-water pump, which supplies the cistern, 
and the hot- water pump, which supplies the boiler, arc all worked by 
connecting-rods attached to the working- beam. 

The nugle-acimg engine^ which is also the invention of Watt, diflfers 
from the preceding in this principal respect, that the force of steam 
is employed only to produce the downward motion of the piston, the 
reverse motion being effected by a counter- weight attached to the 
other end of the working-beam. When the piston, by the operation 
of the moving power, reaches the bottom of the cylinder, a communi- 
cation is opened between the boiler and the bottom of the cylinder, 
and steam is admitted below the piston as well as above : the com- 
munication between the cylinder and condenser is opened, the steam 
is condensed, the piston descends, and the operation is continued as 
■ .above described. The other parts of this engine arc similar to those 
' of the double-acting engine. 

The principal difference between an atmospheric engine with a con- 
denser, and a single-acting steam-engine, consists in the steam being 
admitted both into and out of the cylinder by communications at the 
bottom, and the descent of the piston is effected by the pressure of 
the atmosphere on its upper surface, the cylinder being open at the 
top. In the atmospheric engine, as it existed before Watt*s invention 
of the separate condenser, the jet of cold water was thrown into the 
cylinder itself at every stroke of the piston ; consequently, the 
cylinder was alternately heated and cooled at each stroke, at a great 
expense of fuel and cold water, and a corresponding loss of steam. 

Haying thus prepared the way for the complete comprehension of 
the different parts of Watt's double-acting condensing steam-engine y of 
which the combination appears complex at first 8ig:ht, we now exhibit 
the representation of a model of this engine in Fig 22, accompanied 
with a short description. 

All the parts are shown clearly in this figure, and the particular 
shape of the frame and beam are, as it were, stereotyped from the 
manufactory at Soho. The cylinders are supposed to be made of 
glass, to show the operation of the fluids. 

A is tlie cylinder in which the piston moves when acted on by tho 
steam alternately above it and below it. 

B. The isolated condenser and cold water jet. 

c. The air-pump, for extracting air and condensed steam from the 
condenser. 

D. The feed-pump, for raising the water employed in the condensa- 
tion of the steam. 

E. The force-pump, which conveys into the boiler the water heated 
by condensation. 

p. The vessel containing this "water. 
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attended with greater success. It appears that they were the inven- ; 
lion of the French Engineer, Cugnot. But his carriage, at the time ^ 
of the trials to which it was submitted, threw down part of a walL t 
Evidently, he had not been able to discover the means of giving L 
proper direction about this engine. It is still exhibited in the col- ^ 
lections of the " Conservatoire des Arts ct Metiers'* at Paris. ■% 

Following up the idea, which had long been known, of a high- 
pressure engine without a condenser, Messrs. Trevethick and Vivian 
constructed one in 1805, to be applied in the first attempts at loco* 
motion upon a railway. Improvements were slowly introduced, and it 
was not till about 1814 that Mr. Stephenson established carriages of 
this kind on proper principles. In 1829 a great revolution took 
place in the art of constructing locomotive carriages. At this period, 
when the brilliant experiments iu this department were made upon 
the railway from Liverpool to Manchester, there were exhibited for 
the first time locomotive engines, traveUinf]j easily from twenty- five 
to thirty miles an hour, and yet completely under the guidance of 
the driver. In less than six 5'ears after this, a locomotive made by 
Messrs. Sharp and Roberts travelled on the same railway with a 
speed of sixy miles an hour ! 

In all our locomotive machines on railways, the high-presaurt 
non-cowdensing steam-engine suggested by Watt, in his first specifica-" 
tion of 1769, is constantly employed. It is placed to work horizon- 
tally, instead of vertically, as in ordinary engines, in order to save 
room in the height of the machine. The following illustrations are 
given as representations of the mechanism of locomotive engines, 
according to the mode of construction which has been employed of 
late years. The more recent enijines are constructed with six 
wheels, instead of four as in the illustrations here exhibited ; but 
the engravings will serve the purpose of conveying a clear idea of 
locomotive machines as they are used at the present day. Fig. 24, is 
a side elevation of the locomotive engine, as placed upon the rails. 
The arrow in the engraving indicates tlie direction of its motion. Fig, 
25 represents a longitudinal and medial section, in which several 
accessory parts are omitted, to favour the clearer comprehension of 
the rest, especially the action of the cylinder and piston, and of the 
crank and wheel ; e is the furnace, surrounded by a rectangular 
box placed in the hinder part of the machine. It is represented in 
tranverse sections in Fig. 26, and is called the Jire-dox^ This box is 
surrounded by a space qq, seen in both figures, which is in free com- 
munication with the boiler, and is filled with water. The fire-box is 
rivetted by strong bars to tlie outside box which contains it, and is 
surrounded with water in every part, except at the opening I in fig, 
25, which forms the door of the furnace ; and at the bottom of the 
box, which is occupied by a grating, the bars nn of which are seen in 
longitudinal section in Fig. 25, and in tianverse section in Fig. 26. 
The bottom of the furnace- door is slightly elevated above the upper 
surface of the frame of the engine yyy (Fig. 24), and above the/00/- 
I'^ard situated in 13B, at the hinder part of this frame, in front of the 
sju'd door. Upon this foot-board, guarded at the aide by hand- rails, 
^e engine driver stands. The fireman ia pVace^ not'j xui^ VJaaiwiV 
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bond, in front of the tender, which is a kind of waggon which carries 
ike supply of fuel and water requisite for the journey. The furnace 
J^eharged with coke by the door /. From the tirc-box issue a con- 
■Ucrable number of horizontal tubes e" e" (Fig. 2o and 2G), through 
vhibh the gases, iiame, and heated air produced by the combuEtion 
«ltiie fuel, are made to pass into the smoke-box A, where they ex- 
puA, and tdtimatelj issue from the chimney c, which in the illustra- 
limi is represented as broken off, to save room in the engraTing. By 
Aii meiuif » a continued current of combustion is directed upwardis 
llnoogli the gratin^r of the furnace, and through the tubes to the top 
«C the chimney. Throughout the wholo extent of this passage, the 
U|^ temperature of the products of the combustion is applied to the 
hcttlnr ai the water, in which the tubes are entirely immersed, and 
tn pwttally Taporising the water. In the boilers of fixed engines, two 
kwe tabcA, which are filled with water, are surrounded by the fire ; 
fat {ocomotive boilers, on the contrary, it is the water which surrounds 
the tubes through which the fire passes. To the tubular form of the 
faoiler, and to the discharge of the waste steam up the chimney, must 
be attributed the chief cause of the power which locomotiTc engines 
hare acquired within the last twenty years. The number of tubes 
'employed at the present day in a boiler, is about a hundred and 
flftf. 

The generation and distribution of the steam takes place in the 
Itallowing manner : — It occupies the whole space of the boiler between 
the lerel of the water c d, Fig. 26, and the cylindrical segment aboTc 
it. It accumulates in this space, and is allowed to attain a pressure 
ef three, four, or five atmospheres beyond the ordinary atmospheric 
pirearare. Beneath a dome placed at the hinder part of the engine, is 

F a Tertical tube y, communicating with another tube V \'\ placed 
horiaKmtally and entirely surrounded by the steam. The steam fol- 

f lowing the course indicated by the arrows, is introduced into the 
horixontal tube Mrith a Telocity regulated by the extent to which the 
tid>e is opened or closed by a diaphragm, situated at v', called the 
r9fuUttor, and worked by the handle t. At the end v'' of the hori- 

I ' «antal tube, are two curved tubes v (of which only one is seen in the 
engraTing). Passing through these tubes, the steam fills the whole 
apace or steam^box x. It then'passes through the aperture 1, ^vhich 
opena into the cylinder behind the piston p, and pushes it in the 
direction of the arrow. The piston v thus arrives at the end of the 
atroke, driying before it the steam in the front part of the cylinder, 
which makes its escape through the openings 2, t, and issues thence 
fate the pipe V. The steam thus driven out carries off with it a 
considerable volume of air, which, creating a draught upwards, draws 
a freah volume through the tubes of the boiler and the furnace. The 
effect is analogous to what would be produced by a pair of bellows, 
which should continually act upon a fire by drawing the air into tlic 
bellows instead of driving it out into the fire, like the ordinary 
bellows ; and this effect produces a power in the engine that no other 
means could accomplish. The idea of applying this ptincinle to iu- 
offvaae the draught of a chimney, OT\gvnaXe^'m\Xi'S\»S&sfeT^^^^^'«^s^ 
in 1667, aa stated in our second chaptex. 
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In the portion marked x, is the slidc-yalve, \ 
has arrived near the end of the stroke,. is iixi- 
rod 0, so as to intercept the passage of the si 
and to leave that marked 2, entirely open. Thu 
will then enter in front of the piston, and pro 
surface, will push it backwards, or contrAiy 
arrow ; while the steam, which has accompli^ 
again driven out into the chimney by the openi:- 
This alternate motion of the piston is trc 
connecting-rod having two joints to the cranki 
which is seen at t and z (Fig. 25) ; and as tK :J 
fixed upon the axle, they turn round so as to prr-. 
movement of the locomotive. The parts arc^^« 
one stroke of the piston from end to end of llffV 



one- 



turns one quarter of its circumference ; so thl 
revolution, it is necessary that the piston shoulfl 
cylinder in each direction ; that is, make four alt 
there are two cylinders and two pistons, plaeec 
tudinal axis of the engine, there are also two 
connecting rods ; but the second crank is pi 
right angles to that of the first ; so that when 
tlie dead-point at the end of the stroke, the othf 
maximum f*)rce. 

The head of each piston-rod works between^ 
(Fig. 2i), which ensure its motion in the direct 
cylinder, and at the same time support it. 

The motion of the valve -rod is effected in the 

This rod, acting upon the slide valve x, opens 

steam alternately before and behind the piston. 

o (Fig. 25 )t and is attached to the end of a leTj 

upon a fixed point, shown at k (Fig, 24). The" 

ceals the upper end of this lever, and the rod o. 

of the lever, is fixed a horizontal rod, of which ' 

and which passes backwards beneath the engine.^ _ 

if a backward and forward motion be given to tliis^ 

the lever will follow it in all its motions. This 

the point k, its other end will assume opposite 

when L moves forward, the upper end moves baeka 

goes backward, the upper end comes forward. 

fastened to this end, participates in all these mc 

slide-valve x (Fig. 2.5) alternately backwards ax 

ccssively closes and opens the passages 1, 2* "jd 

the great rod i l, itself, is eifected by means -of 

the simplest pieces of mechanism which can be em _ 

circular motion of a wheel upon an axle into aii al 

motion. Such are the simple means e in ployed fat 1 

engine. When the fire has been lighted about axL . 

tiro hours, and the steam has acquired a proper d 

rpguJator is opened by means of the Ii^t^^^^^'F* *- 

the piston ; the wheels turn round ver -y ^vo>n\^«. 

ryuJcAen their speed. The engine is V^ ^V?^ %^^^* ' 
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city by opeiiing or closing the regulator to a greater or less extent, 
stirring up the fire, and using other necessary precautions. 

In the first year of the present century, Mr. William Symington, 
engineer, at the instance of Lord Dundas, made experiments on the 
application of steam to the propulsion of vessels on the Forth and 
Clyde Canal, whidi ended in the production of the first practical 
steam-boat t named the Charlotte Dundas, In this vessel there was an 
engine, with the steam acting on each side of the piston (Watt's 
patent invention^, working a connecting-rod and crank (Pickard's 
patent invention), which was united to the axis of Miller's improved 
paddle-wheel (Symington's patent invention, 1801). Thus had 
Symington the undoubted merit of having combined together, for 
the first time, those improvements which constitute the present system 
of steam-navigation. In 1807, Mr. Robert Fulton, an American 
engineer, after having taken sketches and drawings of Mr. Syming- 
ton's boat in Scotland, in 1801 — as attested by the engineer left in 
chareeofit — went to America and built the steam-boat Clermont, 
which first plied between New York and Albany, and was reckoned 
the first steam-boat that was put into actual practice in America or 
elsewhere ; but it was only a copy of the Charlotte Dundas, 

The first steam-boat that was put in actual operation was the 
Comet, built by Mr. Henry Bell, of Helensburgh, in Dumbartonshire, 
in the year 1812. It began to ply for passengers upon the river 
Clyde, between Glasgow and Greenock, on the 5th of August of that 
year. It was a small vessel of thirty tons, and had an engine estimated 
at three-horse power. Mr. Bell had obtained a knowledge of the 
plans of Mr. Symington, and had communicated with Mr. Pulton on 
the subject. Thus at Helensburgh, in the firth of Clyde, nearly 
opposite to Greenock~the birth-place of the illustrious Watt — and 
at a distance only of six miles, originated the first practical applica- 
tion of the modern steam-engine to the purpose of navigation in 
Europe, and the invention, also, of his own countryman. Very soon 
after this period, steam- navigation by paddle-wheels became general 
in Great Britain, and it thence extended over the Continent. 

The steam-engines most generally employed for the propulsion of 
steam-boats are the double-acting condensing-engines of Watt. The 
engine-beam of these engines is inverted so as to be placed near the 
bottom of the frame, as it would be both inconvenient and dangerous 
in a steam-vessel to place it above. Fig. 27 represents the elevation 
of an engine of this construction, built for a transatlantic packet of 
450 horse-power. 

The following illustration (Fig. 28.) represents a steamer in full 
sail. On the sides of the vessel are seen the paddle-boxes, covering 
the paddle-wheels, to which the revolving shaft imparts the rotary 
motion. It is well known that for some years steamers have been 
constructed in which the paddle-wheels are superseded by a pro- 
peller, of spiral form, immersed Ih the water at tlie stern of the 
vessel. Hitherto the transatlantic vessels established on the paddle- 
wheel system, appear to make better passages than any which have 
been yet constructed on the new system. 
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In the Great Exhibition, a vavt variety of Etcam- engines, both for 
the purposes of manufactures and locomotion, were cxbibitcd ; ilicsi; 
belonRMprincipally to Ihehigh-pressurc class ; and motion wascum- 
mnnicated to them by steam conTcyed in pipes clothed ivilh hair- 
Iclt, under the flooring. These pipes derived their supply from Hvi; 
boOers, arranged with boiler-house near the north-west ccirncr of the 
building. The system of clothing the pipes with thick hair-felt, and 
putting OTer that a casing of painted canvas, rendered it possible tu 
carry high-pressure steam to n distance before thought to be imptac- 
ticable. The pipes were supplied at intervals isilli globular wa(or- 
tiapa, in which the water resulting from the condensation of tho 
ateam was collected, and from which it could be readily removed. 
The system of the non- conduct ion of heat was so complete, that no 
perceptible increase of temperature was experienced, even through 
the open flooring. The beam-engines of a former period, were verj- 
generally replaced, in high-pressure engines, by those forms of arrange- 
ment in which a direct communication of power is made from the 
piiton to the crank iiself. To the latter class belong the steam- 
engines with TJbrating or oscillating cylinders ; to the former, those 
in which the cylinder is fixed, and lu which the rectilinear motion of 
the piston-rod is converted into the curvilinear one of the crank, with 
shafting attached to it through the medium of vibrating mechanism, 
•ereral varieties of both of these kinds of steam-engine, were exhibited 
in action, driving cotton-spinnin", weaving, and various other ma- 
chines. Eotarysteam-engmesofdifFcrent kinds were also eihibited : 
in most of these, _ the currilinear motion necessary for driving ma- 
chinery, was obtained without the intervention of the crank, and 
Eower was led off by bands from the shafting, directly operotcd upon 
J the engine. Some of these machines present the most singular 
■ndsnomalouB forms. There weto, also, examples of the conversitai 
of rectilinear into curvilinear motion. ThcMarine-en;incs, formed ar 
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merely, and knocking the rails and sleepers to pieces, they were as 
anxious to get back their light engines as they had formerly been to 
discard them. This led to the introduction of the light *• locomotire 
carriage** of Mr. Adams, and the light engine of Mr. England. The 
specimens which they exhibited, whilst possessing all the advan- 
tages which experience and skill haye workedout in the heavy enginesi 
are not more than one-third of the weight and half the cost. Mr. 
Adams* plan consists in combining the engine and carriage in one, 
so that there is no superfluous weight. The boiler is a cylinder 
full of tubes placed vertically ; but this plan, in subseijuent engines, 
has been given up in favour of the ordinary horizontal construction, 
as shown in the locomotive carriage in the Exhibition. 

Mr. England, on the other hand, combines the engine and tender in 
one frame, thus adapting it to carriages of the ordinary description. 
Both these plans have been satisfactorily tested in practice, and 
bear out the views of the projectors, the engines carrying a moderate 
load at a high speed, with a small consumption of fuel, and less 
injury to the permanent way. In addition to these, specimens from 
numerous other eminent engineers were exhibited. Mr. Tre- 
vithick, of the London and North Western Company, sent the 
express engine, the ** Cornwall," in which the boiler is placed very 
low, and the driving wheels are obtained of large size, by allowing 
the shaft on which they are fixed to pass through the boiler. Iklr. 
Crampton, the patent narrow-gauge engine ** Liverpool," said to be the 
most powerful engine in the world, being equal to 1140-horse power. 
The peculiarity of this engine consists in the position of the axle of 
the driving wheels, which is placed behind the fire-box, Mr. Fair- 
bairn, of Manchester; Messrs. Wilson, of Leeds ; and Messrs. Kitson, 
Thompson, and Hewitson, of the same town, exhibited specimens 
of the combined engine and tender variety, or ** tank engines,** as 
they are technically termed. There was also a very beautiful specimen 
of the first-class engine by Messrs. Hawthorn and Co., of Newcastle. 
The British visitor might consider, in dwelling on this collection of 
fire steeds, that in this respect at least his country had no competitor. 
A traveller tells, with pardonable exultation, how comforted and how 
much at home he felt at an Italian railway station by seeing on the 
name-plate of the engine the familiar words, " Sharp, Robert's and 
Co., Atlas Works, Manchester," and hearing a genuine English 
*' AJl right !" given, before the train was allowed to move from the 
platform. 

One of the greatest improvements in the application of the steam- 
engine, which was fully displayed in the Great Exhibition, is its em- 
ployment in agriculture. Ajnong others, Messrs. Ransome and May, 
of Ipswich, exhibited a portable steam-engine (Eig. 30), adapted for 
thrashing and other agricidtural purposes, which is of very simple con- 
struction, and, having but few working parts, there is little liability 
to get out of order ; the cylinder and the machinery are placed on the 
top of the boiler, and are therefore constantly under the eye of the 
engine-man, and very easy of access. The engine is fitted with ^ 
superior governor, and an effective regulator- valve for stopping an^ 
controlling the speed of the engine. There is a simple and efficien 
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feed-pump, which ins _ 

the binler. The crank-shafc and 
trndthe Elide- ralTG Ib of brass, 



regular supply of wuter to 

ng-riKl arc of wroughl-iron, 

id of the most improved cc — 




The steam and escape-pipes are of copper, and consequently not liable 
to injure the slide'Valve and metallic packing of the piston, bj any 
BCalet, caused by corrosion of the metal, coming off the pipeSi and 
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ftequenil J (he . 

tubra (lutcail of copper) for etCBm-pipee. Thcboik 

description, and is mndc on Ihe aame principle ns the boM, locomoiiro 

boilers, and will work Willi safety up to b pressure of SO lbs. per 

square inch, if required. 

'Fhii engine requires little fuel, and ia fipe from dnngcr by fire 
to the surrounding ricks and farm- buildings, the ban being encloged 
in £ wrought-iron aah-psn, which contains water, and cffectuallj ex- 
tinguisbcB all hot cinders as tlicy fall from the fire-grate. The engine 
is supported on a strong neat fraraing, whith is carried on spring*, 
interposed between itandtho antes of the wheels. This arrangement 

Fig 31. 
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These engines thrash, with ease, forty quarters of wheat of average 
yield per day, and are readily managed by an intelligent farm-scr- 
Tftnt^ on whose care will depend, in a great measure, the quantity of 
Idel consumed. 

There was also to be seen in the Great Exhibition, a model of what 
was called a ** Model of Watt's Locomotive Engine." 

It was interesting to examine this model, in connection with those 
complex, and, in some instances, stupendous machines, of which the 
Exhibition supplied so many examples. Franklin said of the first 
iMlloon : — •• It IS a babe ; but it may become a giant." The balloon, 
however, is a ** babe" still, while the locomotive presents to it a most 
striking contrast. If, in this model, we had **the babe," *< the 
giant" was at hand inviting our contemplation. But it appears that 
the idea of a rail never entered the mina of Watt ; all that he seems 
to have considered was, the movement of a carriage by steam on 
ordinary roads. 

The working-model of an Oscillating Engine (Fig. 31), to illustrate 
Mr. Watt's patent of 1785, made by Mr. W. Murdock, of Soho, Bir- 
mingham, stood close to his model of Watt's Locomotive. The name 
of this engine is derived from the cylinder being made to oscillate, so 
that an important purpose may be gained. To understand this, let 
it be observed that, when a cylinder is fixed, the piston-rod can only 
describe a right line, and, consequently, there must be some inter- 
mediate mechanism between the piston-rod and the crank, as the 
latter describes a circle. But this mechanism requires space, which 
is sreatly saved when the cylinder is made to oscillate, as the piston- 
rod can be attached at once to the crank. This arrangement is pecu- 
liarly adapted to steam navigation, and of its use, the oscillating 
engines of Messrs. Penn, in the Exhibition, furnished highly- interest- 
ing examples. 

Messrs. Simpson and Shipton's Patent Short- Stroke Reciprocating 
Steam-Engine shown in the Exhibition, though a close approxima* 
tionto the ordinary engine in principle, differs materially in its 
mechanical construction. The peculiar properties of it are — the 
direct conversion of rectilinear motion into circular, or the amalga- 
mation of the piston and crank motion in one bod^. Fig. 32 is a 
side elevation, and Fig. 33 an end eleration of this engine. The 
eccentric, being a mechanical equivalent for a crank, if they be of 
the same " throw," and each attached to pistons of a certain area, 
they are equal in effect ; by dispensing with the piston, and making 
the eccentric to contain the same area in its cross section as the 
piston, and by confining it in its extremes, or, in other words, by 
causing "an eccentric to revolve in its own diameter," is the same 
in principle as the arrangement employed in the ordinary engine. 

It will be seen that A represents a steam chamber or *' cylinder," 
and B the eccentric or "piston," which is keyed fast on the shaft e. 
The back plate, d, is fitted into the recess, and is pressed against the 
piston, either by means of springs, or b^ the admission of steam be- 
hind it by the small steam pipe, and is mtroduced for the puipose of 
compensating for any wear that takes place in the pheriphery of the 
piston. It also performs another important office : in cases of priming, 
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it u forced back, and tlio water rushes from ona aide to the other of 
the piston until it escapes. The pUte e is dovetailed in and fitted 
fust, so that all wesring parts can be renewed with the greatest 
facility, compared wilh boring of cylindcra, Sec, in the ordinaiy 
engine. The piston is made steun-tigbt at both enda, ttiih rings of 
metii], K s, filled into conical Beatings, which ate cut open on one 
'side, leaving a lap joint. The shaft o is carried on the yibrating roda 
F F, and vibrates the distance of the eccentricity of the piaton— alota 
of suilable form being provided in the aide plates, l l, to allow the 
shan to traverse clear, o o are cranks, and h u are connecting rods 

Fig 32. 




which convey the power from the piston to the lower cranks, through 
d'rect lines, and are always parallel. The steam is admitted into 
Ihe cylinder precisely aa in the ordinary engine, ■viz., top and bottom 
of the piston alternately; although the valve used in this instance ia 
rather different, as it exhausts lirough the hadi, and ia packed in « 
similar manner to the piston's ends, being worked by an eccentric, 
weight, shaft, levers, &c., sa in an ordinary arrangement. 

The advantagea claimed for this invention are as followa :— The 
piston, receiving a reciprocative action from the ateam, by reason of 
ila mechanical arrangement, gives out a revolving motion, thua re- 
ducing the impetus at each return stroke ; and ftom the fact of ila 
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emtaiiiing the propenica of the piston snd crank combined, not 
MlMeot to the same Ktiaining of pnrttt. Although the pilton of the 
oiwnary engine at all timea receives the full effective ptesaure of the 
^-"liu^^jhen the valve is open), there nrepoaitiona ot the stroke when 

lisnaelees, as when the crank ifl "on the centre;" consequently 

fllB.aliock is sustained on the several cottara and parts, vrhich is 
aKoh. felt in overloaded eiiginea; but by the arrangements submitted, 
die crank ahaft, which is the piatou bhaft, receivea this shock, which 
ii ■omen-hat diminished on account of the piaton itself gliding 
padoBlly out of equilibrium into full effect (the aame aa the common 




crank, though divested of the intermediate parts). An advantage is 
alao obtainf d by working a abort stroke with a large effective area of 
piaton, and, consequently, a great speed, with slow velocity of the 
piston through apace, ia obtained, compared wi(h the ordinary en giao 
— thus the first motion can be attached direct to the main shaft, 
thereby not only diaieiiaing with all intervention of wheel-work and 
its necessary appendages, but also producing a sleadier motion, con- 
Mouent upon the engine not having multiplying gear, which must 
only increase any inenualiiies in the stroke. Ttia snansement of 
engine lequires but slight foundations, oompared with olhen, from 



130 HISTOBT OT 

tha peculiar mannct in vrhich the powei a 

pauTided together, and, fioni Uie fiu;t of Uie capability of thcMa 
to run aX high rpced, a large powei can be Mnecntrated into ■ 
tpiLCB ; hence if such reiulti be obtained, and tha nultipljing > 
be diapenied with, and the number and weight of the pam 1 
dneed, there must of neceuitjrbeeoonmnvin Hist coat; and fro 
cloae approximation to tha ordinarj redprocating engine, ml 
aCrteBBid advantages, the inventors ensure economy in fuel, 

Mr. Jovcc, of Greenwich, exhibited what is called a " high' 
sure penduloui engine." Pig. 34 and 36 rcpreaent a front am 

Pig. 34. 




elcTation, teipeotiTelf , of the engine. The oylinder is »iupead< 
tronnioni from the top, and the )uaton giTe* modon to a onnl 
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tor, motion is diitrlbuted to Tarioui pulleys and shafts, by which 
'•- Ttiliety of different machines are set imd kept in motion. The 
<Bgtoe it of Bintple consttaction, and does its work well. 

The principle, discovered by Woolf, of inlroducing atcam of a high 
■arsMure into a emM cylinder, and afCBriraids allowins it to act ex- 
MturiTely in a laiget cne, sdding to its sETeotiTe force by condensation, 
"itia this engine applied in an extremely ingenious and simple manner. 



Fig. 3!. 




The cytindi^rs arc not placed before each other, as is generally di 



■what might "be termed a 

Tentors, upon a principle entirely new in this country, i 

theii luoal position, and suspmd them between the firamiog, the 
tnmiiiBn-pipei or steam-way* being placed at the end, or wut in 
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tli» ordinary engine would be termed the bottom of the cylindi 
By these mean* a direct motion ia applied to the craak mthout 
intervention Dfcroea-heade, aide- rods, or parallel motion; the piiti 
rod being attached to the orank-pin, the cylindere Tibratlng with i 
pendulouB movement on their beariDss or trunnions, whilat ' 
oflcUlation of the cylinders works the elidea by means of a bar. "n 
engines are oapable of eiening a power of SO pei cent, more than 
power at which they are rated. 

From the simplicity of the engine liiere is no risk of derangeme 
and the friction of the working parts is diminished threc-fouit 




whilst the consumption of fuel is less than 3 lb. pet horse P"*^' 
houT, and there is a saving of one-halt the space usually ocoupwd 
the ordinary steam-engines. Messrs. W. Joyce and Co. first Ofl 
jnSDud manufacturisg these engine* in 183*, since wWch p«; 
tA»^]Mtre been erectea in iaige numbers. 
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I M«BBrB. Tiufurd, of Boston, cxhibitcil nn improrcd iion- condensing 
I Ude-engine, which is leprestnCed iiil'ig. 56, useful for diiviny heavy 
(■MdunerTi where a SMtioaary engine Ib required, well adapted for 
wor&s, chicory and woad works, Sour mills up to thri.i.' poiri of 

«, for draininf; low-laud from I to 2,(M10 ncrcs, acoordinu to Iheir 

lerelt for saw-mills, banc-milU, &c. It h lixvd on a cast-iron solo 
plate, fixmly bolted down to inaaoniy, and can he easily removed, if 
nqnired. Engines of this construction ore niaile from two to cight- 
kone power, with or without goreinora, felted mid cased, with 
wkter and prensure gauge, at from £lrjO to 1300 each. An engine 
of this description hns been at work in a iiTintiiig-olllcc, where it w;is 
nied for driving two largo eyliiiilur machiiicx : it answered its purpose 
admirably, and was scldujn out of order. 




Messrs. Lynch snd Inglis, of Manchester, exhibited a portable steam- 
engine, represented in Fig. 37, and a stationary Btcom-engiue, repre- 
sented in Fig. 38. For purposes, where a small amount of power Is re- 
quired, such as crushing Beed>i, hoisting goods, pumping water, &c., 
Uiesc engines are peculiarly adapted. They ate portable without sacri- 
ficing the proper pioportiona of their several parts ; the siinvlicity of 
iU construction, there beingno more working parts than ere absolutely 
necessary to communicaie the required motion; and by this arrange- 
ment the strain caused by the angle of the crank is entirely removed 
from the piston-rod ; a long connecting rod is also obtained, and tlio 
crank Bhtut bionght down to the lowest point possible, so that the 
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k Terf bigh Tclocitr, and yet n 




''°"'«3"=''0yof fuol aIso,buc [nsurea greater acoumey and duwA 
wftlch arc points of no mean importnnce iii an cnoine intPnrlnH 
placed la the care of mm not at aU oi 
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the construction of steam-engines. The inside packings arc all me- 
tallic, so that the trouble and annoyance of frequently taking the 
'engine asunder is entirely avoided. The time is not far distant vihcn 
the farmer, warehouseman, and shopkeeper, will call in the aid of 
these useful auxiliaries to perform that laoour which is now but im- 
perfectly accomplished by man. 

Messrs. Bunnctt and Co., of Deptford, exhibited a patent concen- 
tric reciprocating steam-engine for nigh or low pressure. The steam 
IB worked expansively, without gear or tappetts. The engine is 
direct acting, and requires neither guides nor parallel motion ; it is 
compact, and adapted for stationary, locomotive, or marine purposes. 
In appearance it is similar to a rotatory engine, but its action is of a 
diecidedly different character. The circular case forms in the lower 
part the steam- chamber, in which is accurately fitted a square piston, 
with Barton's patent metallic packing. Through the centre of the 
piston, and attached to it, is a concentric or ring-like piston-rod, 
which at a point opposite the piston is firmly embraced and supported 
above by two connecting arms, havine a double bearing upon a fixed 
shaft in the centre of the engine, on vniich they oscillate sufiicient to 
allow the piston to reciprocate freely. The piston-rod is made of 
square steel, and works through two metallic- stuffing boxes in the 
top of the steam- chamber ; and from the side of one of the arms above- 
mentioned projects a pin, to which is attached the connecting-rod 
transferring the power of the engine to the crank of the fly-wheel 
and gear. On each side of the steam-chamber are two distinct side 
Talyes, worthy of particular notice ; they take their motion from an 
eccentric on the crank shaft, and have two slide-boxes or covers, 
by which means no steam is lost by exhaustion in the passages, 
as in the single slide ; the exhaust is also fully open at the 
conmiencement of the stroke, and remains so to any subsequent part 
of it that may he desired. By this arrangement of the valves, the steam 
can be worked expansively, or not, wiUiout cams, tappet, or ^ear of 
any kind, the slides of themselves cutting off the steam at any part of 
the stroke. Having thus explained the structure of the engine, we 
will now proceed to explain me mode of its operation. The stcam- 
Talve being opened, and the exhaust-yalvc closed on one side, and 
the contrary on the opposite side, the steam is admitted, and propels 
the piston forward to the opposite side, when the steam-valves 
change their position, and the steam is admitted on the opposite side, 
which again propels the piston back to its original position, — and 
thus, by the backward and forward motion of the piston, it passes 
through two arcs of a circle, similar to a pendulum, and carries with 
it the annular piston-rod and the arms attached to it, thereby ^cts 
in motion the connecting-rod ; the piston being entirely carried or 
suspended by the arms attached to the fixed centre shaft, is relieved 
from all tendency to wear irregularly, there being in fact, no pressure 
upon it beyond that of the springs necessary to keep the segments in 
their places. 

By the simple arrangement and working of the engine the connect- 
ing rod has a direct action, without the intervention of guide rods or 
parallel motion of any kind, and during the time that the greatest force 
IS required upon the crank, it never forms an angle of more than five 
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to ten degrees ; its reciprocating motion describing an arc of a circle, 
which so nearly assimilates to the rotatory action of the crank, the 
changes of motion are effected with surprising ease and rapidity ; and 
whether it be from the direct application of the force upon the crank 
alone, or the absence of parallel motion, or from the power being com- 
municated as it were, upon an inclined plane, direct to the connecting 
rod, or by a combination of all these, very great power is gained. 

The patentees have made several experiments, proving the advan- 
tages of the position of their connecting rod and crank motion over 
the methods now in use in locomotive and other engines. We have 
annexed a table of these experiments. By these it is shown that in 
some positions of the crank, it having just passed its centre, nearly 
double the power is obtained, and taking the average of the whole 
revolution of the crank an advantage of more than one-third is 
gained ; the experimental engine, with a piston of 24 inches super- 
fices.and a pressure of 201bs. only on the square inch, exhibited 
great power, driving several lathes, machine?, &c., while without 
any load the crank performed upwards of 260 revolutions in 2. minute. 

In concluding this volume, the following observations, principles, 
and rules, are added for the use of practical engineers, into whose 
hands it may happen to fall : — In all kinds of steam-engines, the 
length of the cylinder should be about twice its diameter, so that 
the steam may be bounded by the least possible quantity of sur- 
face. According to Tredgold, the velocity of the piston in feet per 
minute should be 98 times the square root of the length of the stroke, 
in an engine for raising watef; and 103 times that length, in one for 
driving machinery. Also, the area of a transversfe section of the steam 
passages should be the 4800th part of the p7'oduct of the velocity of 
the piston in feet per minute, and the area (in feet) of a section of 
the cylinder parallel to its bdse. 

In the common atmospheric engine, if this area be multiplied by 
half the velocity, and the product, by 1*23 added to ]'4 divided by 
the diameter, the result divided by 1480 gives the number of cubic 
feet of water required for steam per minute. If the difference between 
1220 deg. and the temperature of condensation, be divided by the 
difference between that temperature and the temperature of the cold 
water, the quotient will be the number of times the quantify of water 
required for injection must exceed that required for steam, which is 
generally about twelve times. The aperture for injection must be 
such as to admit that quantity during the time of the stroke. The 
head of water should be about three times the height of the cylinder. 
When the jet apertures are square, the area of a section should be the 
850th part of the area of a section of the cylinder. The diameter 
of the conducting pipe should be about four times that of the jet. 

In the atmospheric engine with a separate condenser^ the capacity 
of the air-pump should be one 14th part of that of the cylinder, or 
making the stroke of the air-pump half that of the steam piston, its 
diameter should be g of the diameter of the cylinder. If the area of 
a section of the cylinder be multiplied by half the velocity, and to the 
product one-5th part be added, for loss by cooling, &c. the sum divided 
ifj^ 1480, gives the qaantity of water in cubic feet per minute required 
for theboUer; and 24 times this quantity ia necessary, for injection. 
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The%diameter of the injection aperture should be one 36th part of the 
diameter of the cylinder, and that of the injection pipe one 9th part. 

In a Single-acting engine on Watt's principle, the capacity of the 
air-pump and condenser should each be I of that of the cylinder, or 
their dimensions should each be half the diameter and half the length 
of stroke of those of the cylinder. By multiplying the area of a sec- 
tion of the cylinder by half the velocity, adding one-lOth for cooling, &c. 
^d dividing the sum by the volume of the steam corresponding to its 
force in the boiler, the qvotient is the quantity of water required for 
■team per minute. The quantity of injection-watex should be 24 
times this quantity, and the diameter of the injection -pipe one 36th 
part of that of the cylinder. 

In a Double-Acting engine, the proportions of the air-pump, con- 
denser, and cylinder, should be the same as above ; the quantity of 
water required for the steam and injection, double^ and the propor- 
tions of Uie injection-pipe and cylinder the same. At the ordinary 
pressure of two pounds per circular inch on the valve, in both 
engines, the divisor for the volume of steam is 1497. The propor - 
tions of the dimensions of boilers are commonly stated to be, for 
width, 1 ; for depth, 1*1 ; and for length, 2*5 ; otherwise, five square 
feet of surface of water is allowed for each horse-power. Boulton 
and Watt allowed twenty- five cubic feet of space in the boiler for 
each horse-power. 

As to the Elective Pressure qf Steam in Engines, Mr. Tredgold esti- 
mates the loss of motive force in the common atmospheric engine due 
to the uncondensed steam (temp. 160 deg.), to the force req.uisite to 
expel it and the air from the cylinder, to the friction of the piston and 
axes, and to the force required to open and close the valves and raise 
the injection- water — at *49 of the atmospheric pressure ; hence, the 
effective pressure is only *51 of this pressure, or 5*9 lbs. per circular 
inch., In the atmospheric engine with a condenser, the loss of motive 
force due to the same causes, with the addition of the force requisite 
to work ■ the air-pump, is only *458 of the atmospheric pressure t 
hence, the effective pressure is *542 of this pressure, or 6*25 lbs. per 
circular inch. 

In the Single-Acting engine, the lost of motive force due to the 
same causes is *402 of the pressure of one atmosphere : hence, the 
effective pressure is '•598 of this pressure. To determine the mean 
effective pressure when the force of the steam in the boiler is different 
from that of the asmosphere :— Multiply the given pressure in inches 
of mercury by *o98, and from the product subtract the pressure due to 
the temperature of the uncondensed steam, the remainder is the pres- 
sure required, in inches of mercury ; multiply this pressure by 14f lbs. 
the atmospheric pressure on a square inch, and divide the product by 
30, the quotient is the mean effective pressure on a square inch of the 
piston, which multiplied by *7854 gives the pressure per circular inch. 

In the double-acting engine, the loss of motive force due to the 
causes above-mentioned, is estimated by Mr. Tredgold at '368 of the 
pressure of one atmosphere ; hence, the effective pressure is *632 of 
ttuB pressure. Consequently the mean effective pressure on the 
pU too* when the force of the steam in the boiler is diffierent from that 
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of the atmosphere, is found by the rule in the preceding paragmph. The 
ibrce of low pressure steam in the boiler, is -generally equivalent to 
that of 35 inches of mercuxy, the temperature being 220 deg. ; and 
the temperature of the uncondensed steam 120 deg., its force being 
equivalent to that of 3*7 inches. Hence, for the single engine, we 
have 35 X '598 = 20-93 inches, and 20-93— 3*7 == 17-23 inches; 
whence 17-23 X 14-75 = 254-1425, and 254*1425 -f- 30 = 8-47142 lbs. 
nearly, per square inch; consequently 8-47142 X -7854 = 6.66 lbs. 
nearly, per circular inch. For the double engine, we have 35 X '^2 
= 22-12 inches Mid 22-12— 3-7 = 1842 inches ; whence 38-42 X 14-76 
= 271-695, and 271*695 -J- 30 = 90565 lbs. per square inch; con- 
sequently 9-0565 X '7854 = 71 lbs. per circular inch. 

To Calculate the Power of a Steam-engine. — 1. The Common AtmoM- 
pherie Engine — Multiply 5 '9 times the square of the diameter of the 
cylinder in inches by half the velocity of the piston in feet p«r 
minute, and the product is the effective power in lbs. raised one foot 
high per minute. Divide this product by 33000, and the quotient is 
the number of horses' power. 2. The Atmospheric Engine with Con- 
ductor, — Apply the same rule, but, instead of 5*9, use 64 for the 
multiplier. 3. Single-Acting Engine, — Multiply the mean effective 
pressure on the piston by the square of its diameter in inches and by 
half the velocity in feet per minute, and the product is the effective 
power in lbs. raised one foot high per minute. The number of 
horses' power is found as above. 4. Double- Acting Engine. Apply 
the preceding rule, but instead of half the velocity, use the whole of 
it, for a multiplier. 

To Calculate the Power of an Engine when the Steam Act» Exprn^" 
sively, — 1. In the Single-Acting Engine. — Multiply 2-3 times the 
common logarithm of the reciprocal of the fraction denoting the 
portion of the stroke made when the steam is cut off, and to the pro- 
duct add -3 ; then multiply the sum by that fraction, and by the whole 
force of the steam in the boiler, in lbs. per circular inch ; the product 
is the mean effective pressure on the piston, with which proceed as 
before directed. 2. In the Double-Acimg Engine. — Divide 2-3 times 
the common logarithm of the reciprocal of the fraction denoting the 
portion of stroke made when the steam is cut off, by the reciprocal 
Itself, and multiply the quotient by the whole force of the steam in 
the boiler, in lbs. per circular inch, the product is the mean effective 
pressure on the piston, with which proceed as directed before. 

To calculate the Power of a High Pressure Engine. — llie excess of 
the force of steam in the boiler above the pressure of the atmosphere, 
as shown by the steam-guage, is the motive force, but the loss of 
force due to friction, waste, cooling, opening of valves, cutting off 
steam before the end of the stroke, &c., ia estimated by Mr. Tredgold 
at -4 of the force of the steam in the boiler, consequently the effective 
pressure is only '6 of this force diminished by the pressure of the 
atmosphere. Hence, when the engine it working at full pressure, mul- 
tiply the difference between six-tenths of the excess of the force of 
Bteam m the boiler above the pressure of the atmosphere, and four- 
tenths of that presBure, in pounds per circular inch, by the square of the 
diameter of the cylinder in inches, and \>7 xiie N«iocU.y of the piston 
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n feet pef minute, and the product is the number of lbs. raised one 
oot high per minute, from which the number of horses' power may 
le founcTas before. If the area of the piston in feet be multiplied by 
he velocity per minute in feet, the product will be the volume of 
team when of the same density as that in the boiler ; if this product 
>e divided by the volume of steam which a cubic foot of water forms 
it the temperature or force in ihe boiler, the quotient is the cubic 
eet of water consumed per minute. 

When ihe Engine ia Working Expansively, — 1. 9¥ find the mean 
f^eeiive pressure on the piston, add 1 to 2*3 times thMogarithm of the 
eciprocal of the fraction denoting the part of the stroke at which the 
iteam is cut off, divide the sum by that reciproca^ and subtract *4 
rom the quotient ; multiply the remainder by the whole force of the 
iteam in the boiler per circular inch, and from the product subtract 
1*65 for the pressure of the atmosphere ; the remainder is the mean 
ffective pressure in lbs. per circular inch. 2. To find the Potcer. — 
liultiply the mean effective pressure by the square of the diameter of 
he piston in inches and by the velocity in feet per minute ; and from 
he product, find the number of horses power, as before. If the area 
>f the piston be multiplied by the velocity in feet per minute, and the 
product, increased by one- tenth part, be divided by the reciprocal of 
he fraction above mentioned, the quotient is the quantity of steam in 
Tibic feet consumed per minute ; from this quantity the number of 
lubic feet of water required may be found as before. 

Length of Stroke and Velocity oj an Engine. — The stroke of an engine 
3 equal to one revolution of the crank shaft, and, consequently, to 
louble the length of the cylinder. In common parlance, however, 
he length of stroke and the length of the cylinder are synonymous ; 
n this sense it is to be understood in the following rules, by Tred- 
:old, for finding the proper velocity of the piston : 1. If the engine 
•e regulated by a fly, and the pressure on the piston be the same 
hroughout the stroke, the best velocity is 120 times the square root 
f the length of the stroke in feet. 2. If the steam act expansively, 
he velocity is found by multiplying the logarithm of the reciprocal 
if the fraction denoting the part of the stroke where the steam is 
ut off, by 2*3, adding '7 to the product, and multiplying the 
um by that fraction, then taking 120 times the square root 
f the product. 3. If the steam does not act expansively, the 
elocity is equal to 103 times the square root of the length of 
he stroke. 4. If the steam act expansively at the ordinary pre^ 
ure of about 8 lbs. per circular inch of the safety valve, and the steam 
3 cut off at half the stroke, the velocity is 100 times the square root 
f the length of the stroke. 

The following table, which was referred to in a preceding chapter, 
hows the elasticity of steam at high pressures varying from one to 
fty atmospheres, and the temperatures corresponding to these pres- 
ures, according to the degree^ marked on Fahrenheit's thermometer, 
t is calculated exactly from one given by Messrs. Dalong and Arago, 
1 the report of their experiments on steam made to the Instil ute of 
Vance. The results of these experiments are considered to be the 
lost careful and extensive that have ever been made. 
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